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STRUCTURE  OF  VEGETABLES. 

Oaural  Ohfir^atitms  cm  organituJ  BoJiuj-^^offiituemt  Principles  of 
VigeiahU  Maitir.^Slruamre  0/ Plants.— The  Stem.—Tb^  Bark — 
The  Weed.— The  Pitb',^tbe  vafcylar  Zjfiem  in  Plants,— Re/fira* 
tien  ef  Plants^i^fhe  Root. — The  Leofves.—The  Flower. ^^The 
Fnut^-^TBe  Seed,^^Bomnef s  Experiments. — Perfendiadar  Growth 
of  Plants^^^Plamts propagated  iy  Slips,  Snckers,  and  Off-Jets. 

A  DISTINCTION  has  been  eftablilhed  by 
pb3ofophers>  which  is  not  deftitute  of  utility, 
though  it  muft  be  confeffed  that  in  this,  as  in  every 
other  inftance  which  regards  the  fyftcm  of  nature,  the 
line  of  demarcation  is  fcarcely  defined  with  fufficient 
precifion. — All  natural  bodies  have  been  clafled  under 
two  grand  divifions  j  unorganized  and  organized  bo- 
dies. If  the  phrafe  vegetditM'e  might  be  freely  ad- 
mitted, it  would  be  confifteiR^th  correftnefs  to  term 
the  former  the  inanimate,  and  the  latter  the  animated 
parts  of  creation.  Through  the  former  of  thefe  re- 
gions we  have  already  travelled  with  fomc  diligence, 
though  it  is  to  be  apprehended  not  without  pain  and 
difficulty  to  the  reader :  for  an  author  is  but  feldom  an 
adequate  judge  of  the  degree  of  entertainment  which 
his  labours  are  capable  of  affording  to. others. — The 
fatter,  which  includes  w'hat  the  old  writers  denominate 
Vol-  III.  B  the 
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the  vegetable  and  animal  kingdoms^  remains  to  be 
confidered. 

Unorganized  bodies,  we  have  feen,  confift  of 
fimple  combinations  of  many  different  elementary 
principles.  Organized  bodies,  on  the  contrary,  confift 
of  few  principles ;  but  in  the  proportions,  combina- 
tions, and  arrangement  of  thefc  principles,  they  are 
infinitely  varied  \  and  their  ftrudture  is  as  complex,  as 
their  materials  are  fimple.  Thus,  in  the  mineral 
creation  we  may  enumerate  not  fewer  than  forty 
diftinft  elementary  principles ;  the  vegetable  f  reatipn 
for  the  moft  part  confifts  only  of  three ;  and  the  utmoft 
to  which  it  can  be  extended,  is  about  fix  or  feven  dif- 
tinft  fpecies  of  matter,  which  occafionally  enter  into 
the  compofition  of  thofe  varied  beauties,  that  fingu- 
larity  of  ftrufture,  that  vaft  aflcmblage  of  organized 
bodies,  fo  different  in  qualities  and  external  appearance, 
which  the  woods,  the  fields,  and  the  gardens,  prcfent 
to  our  view:  fo  numerous  that  they  have  hitherto 
eluded  the  art  of  the  moft  fkilful  botanift  to  methodize 
and  arrange. 

The  conftituent  or  elementary  principles  of  vegeta-* 
bles,  are  hydrogen,  oxygen,  and  charcoal.  Thefc,  as 
far  as  our  obfervations  have  hitherto  extended,  arc 
common  to  all  vegetables.  There  are  fome  other  fub- 
{lances,  fuch  as  calcarious  earth,  iron,  and  azote,  which 
are  occafionally  found  in  vegetables;  but  as  they  arc 
not  common  to  all  plants,  they  cannot  be  confidered 
as  eflential  to  the  conftitution  of  vegetable  matter. 

But  if  the  materials  of  which  vegetables  are  com- 
pofed  are  fo  few  and  fimple,  their  organization  is  cu- 
rious beyond  any  thing  which  the  mineral  world  prefents 
to  our  view.  The  parts  of  vegetables,  which  natu- 
ralifts  are  accuftomed  to  confider  as  diftinft  in  their 
iuture  and  fundions,  are  fix,  the  ftem  or  trunk,  the 

rootj 
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rooCi  the  Icaf^  die  flower,  the  fruit,  and  the  feed.  In 
many  vegetables  the  root  appears  nearly  limilar,  in  all 
its  conftituent  parts  and  principles,  to  die  ftem  or  trunk, 
and  indeed  the  one  fcems  a  condnuatiqn  of  the  other ; 
which  muft  be  my  apology  for  reverfing  in  fome  de- 
gree die  order  of  nature,  and  treating  firft  of  that  part, 
which  though  it  feems  to  proceed  or  (pring  imnnedi* 
atcly  from  the  other,  is  yet  the  mod  perfeft  in  its  or- 
gmizadon,  and  is  in  general  of  the  greateft  ufe  and 
importance  to  man* 

L  The  ftem  or  trunk,  which  includes  alfo  the 
branches,  I  might  fay  all  the  more  folid  and  fubftan- 
dal  parts  of  a  tree  or  ptant,  confifts  of  three  parts,  the 
bark,  the  wood,  and  the  pith. 

ift.  The  bark  is  protefted  on  the  outfide,  by  a  cuti- 
cle, epidermis,  or  fi:aff-fkin,  which  confifts  fomcdmes 
of  numerous  lajrers,  and  differs  in  thicknefs  in  differ* 
cat  plants.  This  fkin  or  cuticle  is  an  oi^nized  body^ 
compoied  of  very  minute  bladders,  often  intcrfpcricd 
with  longitudinal  woody  fibres,  as  in  the  nettle,  thiftle. 
Old  the  generality  of  herbs.  It  concains  alfo  longitu- 
dinal veflels,  and  is  vifibly  porous  in  fome  plants,  and 
particularly  the  cane. 

On  removing  the  cuticle,  the  true  bark  appears,  and 
may  be  confidered  as  a  congeries  of  pulp  or  cellular 
I'ubftance,  in  which  are  placed  a  number  of  veflcls,  as 
well  as  longitudinal  fibres.  The  veflcls  of  the  bark 
arc  diff*crendy  fituated,  and  deftined  for  various  ufes, 
in  different  plants.  In  the  bark  of  the  pine,  for  in- 
ftance,  the  inmoft  are  lymph-duels,  exceedingly  minute; 
thofe  neareft  the  furfacc  are  gum  or  refmifcrous  veflcls, 
for  the  fecretion  of  the  turpentine,  and  thefe  are  fo  large 
as  to  be  vifible  to  the  naked  eye, 

2d.  The  wood  lies  between  the  bark  and  the  pich. 
Ift  fubftance  is  denfcr  than  that  of  the  bark,  and  its 

B  2  ftrudurc 
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ftruftijrc  more  difficult  to  be  underftood.  .  It  is  how- 
ever generally  fuppofed  to  confift  of  two  fubliance^y  the 
parenchymatous  or  cellular^  and  the  ligneoMS.  The 
ligneous  parts  are  no  more  than  a  congeries  of  old^ 
dried  lymp-dudts.  Between  the  bark  an.d  the  wood 
a  new  ring  of  thefe  dufts  is  formed  every  year,  which 
gradually  lofes  its  foftnefs  as  the  cold  feafon  approaphes» 
and  towards  the  middle  of  winter  is  condenfed  into  a 
folid  ring  of  wood.  Thefc  annual  rings,  which  arc 
vifible  in  moft  trees  when  cut  tranfvcrfely,  fervc  as 
marks  to  determine  their  age.  They  feem  tp  decrcafe 
in  breadth,  as  the  tr^e  advances  in  age  i  and  as  they 
are  found  to  be  very  unequal  in  fize  throughout,  their 
breadth  probably  varies  according  as  the  feafon  is  fa- 
vourable or  otherwife. 

The  wood  differs  from  the  bark,  not  merely  in  th© 
degree  of  hardnefs ;  its  ftrufture  is  cflcntially  different, 
and  the  apparent  converfion  of  bark  into  wood  is  en- 
tirely a  deception.  One  flriking  difference  between 
the  wood  and  the  bark  is,  that  the  former  is  pofTdTed 
of  fpiral  veffels  which  run  from  one  end  of  the  tree  to 
the  other.  From  die  great  refemblance  of  thefe  air- 
veffels  to  thofe  of  infefts,  they  are  fuppofed  to  be  fub- 
fervient  to  the  fame  fundion.  The  flem  of  fome 
plants  is  entirely  hollow,  pardy,  it  is  fuppofed,  from 
thefe  plants,  which  are  generally  of  a  quick  growth, 
requiring  a  more  than  ordinary  fupplyof  air. 

3d.  The  pith  is  ficiiaced  in  the  center  of  the  flem, 
and  in  young  plants  it  is  very  abundant.  It  is  faid  by 
fome  authors  to  confift  of  exadkly  the  fame  fubftance  as 
the  parenchyma  or  cellular  fubftance  of  the  bark ;  and 
to  be  compofc'd  of  fmall  cells  or  bladders,  generially  of 
a  circular  figure,  though  in  fome  plants,  as  the  borage 
and  thiftle,  they  arc  angular.     In  moft  plants  the  pith 


Chap.  I.]  ytir  Vejfeh  cf  Plants.  5 

graduaQjr  dies  away  as  they  appi  oach  to  maturity  i  and 
in  old  trees  it  is  ahnoft  entirely  obliterated. 

Such  are  the  folid  parts  of  plants ;  but  to  render 
dicir  organization  more  clearly  underftood,  in  plate  L 
fig.  i.  is  Ac  Icdtion  of  a  branch  of  afli,  cut  tranf- 
Tcrfely  as  it  appears  to  the  eye.  Fig.  %\  is  the  fame 
(cSion  magnified.  A.  A.  the  bark.  B.  B.  B.  an 
arched  ring  of  lap-veficls  next  the  cuticle.  C.C.C.  the 
cellular  (ubflance  of  the  bark,  with  another  arched 
row  of  fap-veffels.  D.  D.  a  circular  line  of  lymph- 
ducb  next  the  wood.  E.  E.  the  wood.  F.  the  firft 
year's  growth.  G.  the  fecond.  H.  the  third. 
I.I.I,  the  true  wood;  K.  K.  the  great  air-veflcls. 
L  L.  the  lefler  air-veffels.  M.  M.  M.  parenchyma- 
tDus  inicrtions  of  the  bark,  reprefented  by  white  rays. 
N.  O.  rfie  pith. 

The  name  of  air  veflcls,  as  was  before  remarked, 
has  been  given  to  certain  tubes  fituated  in  the  wood, 
leaves^  and  petals,  but  not  in  the  bark  of  trees.  They 
are  formed  by  a  number  of  fmall  filaments,  fpirally 
rolled  up  fo  as  to  form  a  cavity  In  the  middle,  and  are 
fuppofed  to  be  the  inftruments  of  refpiration  in  plants  9 
but  how  this  funftion  is  performed,  is  not  clearly  un- 
derftood.  Trees  and  fhrubs  only  are  poiTeflcd  of  air- 
vefTels  ;  and  when  a  plant  is  placed  under  the  exhaufted 
receiver  of  an  air-pump,  the  air  only  rffues  from  the 
wood,  in  which  the  air-veflels  are  fituated. 

There  is  reafon  to  believe  that  the  air's  proper  en- 
tra.ice  to  plants  is  through  the  cuticle,  which  is  proved, 
to  be  a  vafcular  fubftance,  fince,  when  under  an  ex- 
haufted receiver,  it  iflues  direftly  through  the  cuticle. 
That  the  air  is  neceffary  to  the  fuftenance  of  plants, 
appears  from  the  experiments  of  Dr.  Bell*.     In  the 

•  Sec  hii  <?xcelleni  Thciis  on  the  Phyfiology  of  Plants,  Manch. 
Mem.  vol.  i:. 
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winter  fcafon  he  covered  fcveral  young  trees  with  var-r 
nifh,  leaving  the  tops  of  the  branches  only  expofcd  tq 
the  air*  They  remained  in  this  fituation  during  the 
following  fumn^r,  when  fome  of  them  lived,  thdugh 
in  a  languid  ftatc ;  but  thofe  froni  which  the  air  had 
been  more  accurately  excluded,  died  without  a  lingle 
exception.  To  this  proof  the  fame  author  adds,  that 
trees  overgrown  with  mofs  have  few  leaves,  weak 
fhoots,  and  fcarcely  any  fruit;  and  that  it  is  the  com- 
moB  pradtice  of  all  judicious  gardeners  to  ftrip  the 
mofs  from  the  bark  of  aged  trees,  which  by  admitting 
the  air,  generally  reftores  them  t9  vigour  and  fruit- 
ifulneis. 

IK  The  root,  which  fixes  the  plant  to  the  earth,  and 

is  the  chief  fource  of  its  nourifhment,  differs  much  in 

•  -  __         »     •         .       •  ■  ' 

different  fpecies  of  vegetables.  All  roots  ^gree  in- 
being  fibrou$  at  their  extremities,  and  it  is  by  their 
ifibres  chiefly  thi^t  they  are  fitted  to  draw  nogrifhment. 
The  root  terminates  upwards  in  the  ftem  or  trunk, 
which  fuftains  th^  other  pa^ts  of  the  vegetable.  Tb? 
internal  ftrudure  of  the  root,  or  rather  of  its  fibres, 
differs  not  very  materially  in  general  from  (hat  of  the 
ftem.  It  confifts  of  a  cuticle,  bark,  wood,  and  com- 
monly of  a  fmall  portion  of  pith  j  though  there  arq 
fome  roots  which  have  no  pith  at  all,  while  there  are 
others  which  have  little  or  none  at  the  extremities,  but 
a  confiderable  quantity  near  the  top.  The  cuticle,  in 
all  roots  at  a  certain  age,  is  double;  the  cortical  fub* 
ilance,'  or  bark,  differs  greatly  in  i^  quantity  and  dif- 
pofition  in  different  plants.  In  trees  it  is  thin;  in  car- 
rots, on  the  contrary,  it  is  one  half  of  the  femi- 
diameter  of  th?  root;  and  in  dandelion  it  is  nearly 
twice  as  thick  as  the  woody  part.  The  roots,  as  well 
as  the  trunk  of  plants,  are  furnifhed  with  a  variety  of 
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vcflck  for  the  purpofc  of  conveying  and  circulating 
air  and  the  juices  ncccilary  to  their  nourifhnDenc 

In  plate  I.  fig.  ;3;  is  a  fcftion  of  the  root  of  worm- 
woodj  as  it  appears  to  the  eye ;  and  6g.  3^  is  the  faoie 
magnified.  A.  A.  the  (kin  with  its  vefiels.  6.  B.  B. 
tlic  bark.  C,  C.  C.  the  lymph-duds  of  the  bark* 
The   other  holes    arc   fmall    cells    or    fap-veflcls. 

D.  D.D.  parenchymatous  infertions  from  the  bark. 

E.  E.  E.  the  rays  of  the  wood^  with  the  air-velTcls.-^ 
This  root  has  no  pith. 

III.  The  leaves  are  oi^gans  efTential  to  the  exiflencc 
of  plants.  Trees  pcrifli  when  totally  divefled  of 
them  9  and  in  gtneral,  when  ftript  of  any  confiderable 
proportion  of  their  leaves,  they  do  not  fhoot  vigo- 
roufly.  The  leaves  are  formed  by  the  expanfion  of 
the  vcflcls  of.thc  flalk  into  a  net-work,  which  exhibits 
a  beautiful  appearance  when  the  intermediate  paren- 
chymatous maaer  is  confumed  by  putrefadion.  Both 
furfaces  of  the  leaf  are  covered  with  a  membrane, 
which  is  a  thin  bark,  continued  fi-om  the  fcarf-fkin  of 
the  (talk. 

IV.  The  flower  conCfts  of  four  parts,  the  calyx,  the 
corolla,  the  (lamina,  and  the  piftillum.  The  calyx  or 
jlower-cup  isalmofl  always  of  a  green  colour,  and  is  that 
which  furrounds  and  fupports  all  the  other  parts  of  the 
flower.  The  corolla  is  of  various  colours,  is  varioufly 
Ihaped  in  different  vegetables,  and  is  that  which  ccn- 
flitutes  the  moft  confpicuous  part  of  the  flower.  It 
fometimes  confilh  of  one  continued  fubflance,  but  more 
frequendy  of  feveral  portions,  which  are  called  petals. 
The  (lamina  are  fuppofed  to  be  the  male  part  of  the 
flower.  Linnseus  defines  them  to  be  an  cntrail  of  the 
plant,  defigned  for  the  preparation  of  the  pollen.  Each 
llamen  confifts  of  two  parts ;  the  filimentum  or  fine  thread 
?.hich  fupports  the  anthera,  and  the  anthera  or  head 
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itfelfi  which  contains  within  it  the  pollen,  and  when 
come  to  maturity  difcharges  it  for  the  impregnation 
of  the  germcn-  From  the  fuppofed  fundion  of  the 
ftamina,  they  afibrd  the  chief  foundation  of  the  diflri- 
bution  of  the  vegetable  fyftem  into  clafles.  Such 
flowers  as  want  this  part  are  called  fem^e;  fuch  as 
have  itj  but  want  the  piftillum>  male ;  fuch  as  have 
them  both,  hermaphrodite  i  [athd  fuch  as  have  neither, . 
neuter. 

The  pift ilium  or  pointal  is  fuppofed  to  be  the  fe- 
male part  of  the  flower ;  it  is  defined  by  Linnasus  to 
be  an  entrail  of  the  plant,  defigned  for  the  reception 
of  the  pollen.  It  confifts  of  three  parts,  the  germen, 
the  flyle,  and  the  ftigma.  The  germen  is  the  rudi^ 
ment  of  the  fruit  accompanying  the  flower,  but  not 
yet  arrived  at  maturity.  The  ftyle  is  the  part  which 
fcrves  to  elevate  the  ftigma  from  the  germen.  The 
ftigma  is  the  fummit  of  the  piftillum,  and  is  covcrcJ' 
with  a  moifture  for  the  breaking  of  the  pollen.     ' 

The  pericarpium  or  feed-vcflel  is  the  germen  grown 
to  maturity.  Such  are  the  cpnftituent  parts  of  the 
flower  i  they  are  however  infinitely  varied,  and  ferve 
both  to  diverftfy  the  face  of  nature,  and  to  intereft 
and  delight  the  curiofity  of  man.  One  curious  fa6t 
it  is  neceflfary  to  notice  before  I.  difmifs  this  branch 
of  my  fubjeft,  and  that  is,  that  every  flower  is  per- 
feftly  formed  many  thonths  before  it  makes  its  ap- 
pearance. Thus  the  flowers  which  appear  in  this 
year  are  not- properly  the  produftions  of  this  year:  the 
mezereon  flowers  in  January,  but  the  flowers  were 
completely  formed  in  the  bud  in  the  preceding  au- 
tumn. If  the  coats  of  the  tulip- root  alfo  are  carefully 
feparatcd  about  the  beginning  of  September,  the  naf- 
cent  flower,  which  is  to  appear  in  the  following  fpring, 
will  be  found  in  a  fmiall  cell,  formed  by  the  inncrmofl: 

,  coats. 
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coats^   as  rcprefented  in  plate  I.  fig.  5.    where  the 
young  flower  appears  towards  the    bottom  of  the 

root. 

V.  The  fruit  conGfts  of  nearly  the  fame  parts  as 
arc  found  in  the  ftem  ;  of  a  (kin  or  -cuticle,  which  is 
a  produdion  or  continuation  of  the  flcin  of  the  bark ; 
of  an  outer  parenchyma,  which  is  the  fame  fubftance 
continued  from  the  bark,  only  that  its  veficles  are 
larger  and  more  iucculent  or  juicy.  Next  the  core 
there  is  commonly  an  inner  pulp  or  parenchyma ;  an4 
the  core  is  no  more  than  a  hard  woody  membrane, 
which  indofes  the  feed.  It  is  to  be  obferved,  how* 
ever,  that  the  organization  of  fruit  is  very  vaiious ; 
in  fame  the  feeds  are  difperfed  through  the  parenchy- 
matous or  pulpy  fubftance;  in  fome,  inftead  of  a  core, 
we  find  a  ftrong  woody  fubftance  inclofing  the  feed 
or  kernel,  which  from  its  great  hardnefs  is  terme4 
the  ftone ;  in  fbme,  there  are  a  number  of  feeds;  and 
in  others,  only  a  iingle  feed,  inclofed  in  a  large  mais 

of  parenchymatous  matter. 

VL  J  he  fced  is  a  deciduous  part  of  a  vegetable, 
containing  the  rudiment  of  a  new  one.  The  cflTence 
of  the  feed  confifts  in  the  corculum  or  little  heart, 
which  is  fattened  to  the  cor}'ledones  or  lobes,  and  in- 
volved in  them,  and  clofely  covered  by  its  proper 
runic.  The  corculum  confifts  in  the  plumula,  which 
is  the  vital  fpeck  of  the  future  plant,  extremefy  fmall 
in  its  dimcnfions,  but  increafing  like  a  bud  to  infinity. 
The  roftellum,  however,  muft  be  includrd,  which  is 
the  bafe  of  the  plumula;  it  defcends  and  ftrikes  root, 
and  is  the  part  of  the  feed  originally  contiguous  to  the 
mother  plant.  It  is  commonly  fuppofed,  and  with 
fome  reafon,  that  the  perfeft  plant,  or  at  Icaft  all  the 
organization  which  is  requifite  to  a  perfeft  plant, 
exifb  in  the  feed,  furro  ndcd  by  a  quantity  of  farina* 

ceous 
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ccous  narrcr,  which  fcr.-ei  i?  tbibra  njolfimr, 
and  to  fun::lh  riOLrifnmtn:  lo  the  comihan  till  its 
psns  arc  fufrrit.iLy  unrcldtrd  to  drzw  fuppafft  from 
ifcc  fcil.  A  kJcL-r^'-facAiT  or  irr^lar,  wfacii  it  has  been 
faakcd  for  fomc  iirc^t  in  is^artr,  e:d  begun  lo  fwdl^  is 
eafily  ftparatrd  into  irs  r«'o  lobes ;  and  becwecn  thcfe 
is  difpiaYtrd  Lhe  nsfccr.t  phnt.  The  naked  ere  can 
eafi^v  difccm  the  fleT:,  and  its  connc:uoa  with  tbe 
lobes.  Through  the  lobes  are  dlffuled  innunienbk 
vcflSrli,  "Rhich  ixmcdiitelv  comiBUnicate  with  the 
embryo  plant.  On  the  exccmal  furface  of  the  iced 
are  abforbsnt  veflels,  which  attract  the  nrK>iihire ;  hf 
this  moifhire  a  degree  cf  fennenudon  is  produced^ 
and  thus  a  juice  is  prepared  by  a  natural  proceis  in 
every  refpect  proper  for  the  nouniiimcnt  of  the  plane 
in  its  firft  efforts  to  extend  its  tender  frame.  The 
plant  in  its  infancy  is  ahnoft  a  gelatinous  fubftance, 
and  increaics  and  indurates  by  degrees  i  and  I  believe 
in  general  the  hardnefs  of  wood  bears  a  pretty  exa& 
proportion  to  the  flownefs  with  which  a  plant  mcreafes. 
That  part  of  the  ftcm  which  is  nexr  the  root  is  the  firft 
which  aflumes  the  woodv  texture. 

M.  Bonnet,  in  orJer  to  afcertain  how  far  the  lobes' 
of  the  iCed  were  necefliry  to  the  gtowtli  and  health 
of  the  corculum,  de^ichcd  them  with  great  dexterity 
without  a  vital  injury  t^)  the  infant  plant.  Some 
French-beans  treated  in  this  manner,  ani  fowed  in  a 
light  foil,  grew,  but  the  confequence  was,  that  not  only 
the  firft  leaves  were  much  fmaller,  but  the  plants 
were  uniformly  v.eakcr  in  every  part  of  their  growth 
.  than  others,  which  for  the  fake  of  comparilbn  were 
fown  at  the  fame  time  without  being  mutilated.  The 
feeds  which  were  deprived  of  the  lobes  put  forth 
fewer  bloffoms,  and  produced  lefs  feed.  The  feeds  of 
moftes  arc  naturally  uevoid  of  lobes.    The  Srft  leaves 
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which  make  their  appearance,  and  which  are  called 
ieminalt  appear  not  lefs  necefiary  to  the  perfedion  of 
die  plant  than  the  farinaceoqs  lobe5L  If  they  happen 
to  be  broken  oflF,  the  plant  experiences  ^  proportional 
k)is  of  vigour. 

It  is  a  matter  of  curious  obfervation,  that  leedj 
thrown  into  the  ground  at  random,  fhould  always 
come  up  in  the  proper  direfbion.  M.  Dodart  has 
oflSrrcd  an  ingenious  explanation  of  this  fad>  which 
coniids  in  ftippoHng  that  the  roftellum  contracts  by 
humidity,  and  that  the  plumula  on  the  contrary  con- 
trads  by  drynels.  According  to  this  idea,  when  x 
feed  is  put  into  the  ground  the  wrong  way,  the  roftel- 
lum, which  then  points  upwards,  contradb  itfelf  to- 
wards the  part  where  there  is  moft  humidity,  and 
therefore  turns  downwards.  The  plumula  on  the 
contrary  pointing  downwards,  turns  itfelf  towards  the* 
part  of  the  fbil  which  is  drieft,  and  therefore  rifes 
towards  die  furface.  This  explanation,  however,  evi- 
dently rcfts  on  no  better  bafis  than  conjcfture. 

Independent  of  the  feed,  there  are  two  other  me- 
thods by  which  plants  are  propagated,  by  flips  and 
fuckers;  and  many  plants  naturally  make  an  effort  to  pro- 
pagate themfelves  in  this  manner.  The  bulbous-rooted 
plants  in  general  increafe  byoff-fets.  When  a  tulip 
is  firft  planted  in  the  fpring,  the  ftem  iffues  from  the 
middle  of  the  bulbous  root ;  but  when  the  tulip  is 
taken  up  in  the  autumn,  the  ftem  no  longer  proceeds 
from  the  middle  of  the  root,  but  fcems  attached  to 
one  fide.  The  fadt  is,  that  the  root  which  is  taken 
lip  is  not  the  fame  that  was  planted.  The  original 
root  has  decayed  by  having  its  fubftance  abforbed  for 
the  nourifhmcnt  of  the  bloITom,  and  a  new  root  has 
been  provided  for  the  fiiture  year. 
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fLUlDS    OF    VEGETABLES. 

The    Sncctis   Ccmmunis  or   Sap.-^VeffeU  for  the  CircuUnitn  9ftht. 
Sap. — Succus  Praprius  ;  ///  yijels  ami  Cour/e, — Bonnet's  Experi' 
ments  on  the  Npurijhment  of  Plants. -^Dr,  Haters  Experiments  on  Fruity 
^rees,^^Bonnet^s  on  Fiozvers,  ^c. 


THE  fluids  or  juices  of  vegetables,  fays  DnBel^ 
are  of  two  kinds.  *  The  one  is  of  the  laoie  nature 
in  all  the  variety  of  vegetables ;  the  other  varies  ac- 
cording  to  the  different  plants  in  which  it  exifts.  The. 
former,  which  is  called  the  Juccus  communis^  when 
collcfted  early  in  the  fpring,  from  an  incifion  made  in 
the  birch  or  vine,  differs  little  from  common  water  *• 
The  latter,  which  is  named  the /uccuspropriusy  poflefles^ 
various  properties  in  various  plants,  and  gives  to 
e^ch  its  fcnfible  qualities.  Thefe  two  juices  never 
mingle  with  each  other  in  the  tree,  and  the  latter  is 
found  in  the  va/a  propria  only. 

*  It  is  not  yet  afcertained,   whether  the  juices  of 
plants  are  tranfmitted  through  veflfck,  or  cellular  fub- 
fl:ance.     Each  (ide  of  the  qucftion  has  had  its  advo- 
C2^tcs,  who  have  fupported  their  refpective  opinions 
with  probable  arguments  :   but  it  is  to  be  regretted, 

•  It  has,  however,  been  aliedgcd  to  contain  a  faccharinc  matter 
in  Comv  trees,  as  in  the  fugar  maple,  &c.  It  has  likewife  been  fup- 
pofcd  to  contain  an  acid.  But,  in  various  experiments  which  Dr.  Bell 
made  on  it,  he  found  nothing  in  it  of  cither  kind ;  and  therefore^ 
where  fuch  appearances  have  taken  place,  he  fuppofcd  them  to 
arifc   from  an  adventitious,  mixiare  of  the   Gip,  and  the  fuccus 
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chac,  on  fb  inccrdHng  a  lubjedl»  no  conclufion  can  be 
formed  from  the  aftual  dificclion  of  vegetables.     It 
kowever  feems  mod  fH-obable,  cliat  all  the  fluids  of 
planrs  are  tranfinitced  through  veflels,  for  the  following 
leafons.     i.  The  exiftencc  of  vaja  propria  and  vafa 
atria  is  diicoverable  by  the  naked  eye,  and  made  ftiB 
more  manifefl  by  the  microfcope.     That  fuccus  pro^ 
prius  and  air  are  contained  in  thefe  is  evident,  and 
cfaerefore  anabgy  leads  us  to  believe,  that  the  fuccus 
commtmis  is  alfo  contained  in  veflels.     2.  Secretion^ 
erf"  which  vegetables  have  undoubtedly  the  power,  is  in 
no  inftance>  that  we   know   of,  performed  without 
the  adion  of  veflels.     3.  An  aq)erim€nt,  made  by 
Dr.  Hales,  feems  clearly  to  prove»  that  the  fap  is 
contained  within  its  own  velfels,  and  does  not  fortui* 
toufly  pervade  every  interftice   of  the  plant.      He 
fixed  an  infh^ment  round  the  flem  of  a  vine,  by 
which  its  contradlions  and.  espanfions  could  be  accu-> 
lately  meafured ;  but  he  found  no  difference  in  the 
circumference  of  the  tiunk,  when  the  tree  was  full  of 
fap,  and  when  it  was  entirely  without  it,  although  the 
inftrument  employed  was  (o  nice,  as  to  detect  a  va- 
riation of  the   hundredth  part  of  a  finger's  breadth. 
If  the  lap    had   been    tranfmitted,    v.^ithout   vefTels, 
through  the  cellular iubftance,  this,  on  the  withdrawing 
of  the  fap,  would  have  been  couipreflied,  and  ofcourfe 
the  ftem  of  the  tree  would  have  contracted  itfelf  into 
a  fniallcr  compaG ''. 

•  To  determine  this  queitio::  al;".!  it/v,  it  may  (cQvn,  that  the 
moll  certain  and  obviojs  ritiuo*:  would  be  by  injeciions,  the 
grcLt  I'curce  ofour  kno.v!»iH:e  ol  ii:e  anitoniy  of  ani»nal$.  They 
have  been  employed  by  Bon.Mt,  Dr.  Hope,  and  others,  but  they 
have  failed.  They  rife  a  conlldcrab'e  way  into  plants,  but  as,  in 
different  cafc:,  they  trike  dilr'jrcn:  courlbs,  from  this  and  other 
circumilances  there  is  rcafon  to  bclic.e,  that  iheir  ccane,  and  that 
of  :h?  up,  arc  mart-riiily  dlfiVrei.:  fro:r.  c.ch  other. 

'  Botanifts 
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*  Botanifts  ha\re  made  many  experiments  t6  afccrtairt 
the,  courfe  of  the  fap.  Eirly  In  the  fpfing,  when  the 
fap  begins  to  flow,  incifions  have  been  made  in  the 
trunk  and  branches  di  treesi  as  far  as  the  pith  \  and^ 
in  fuch  cafes^  it  has  been  cohftantly  founds  that  a 
larger  quantity  of  fap  flowed  frdm  the  fuperior^  than 
from  the  inferioi*  margin  of  the  incifion.  Thiscir- 
cumftance  led  to  the  opinion,  that  in  the  beginning  of  ' 
the  fpring,  great  quantities  of  moifture  are  abfbrbed 
by  tree^  from  the  atmofphere,  ^d  hence  the  fourcd 
of  the  abundance  of  fap  *4  But  this  conclufion  is 
found  to  difagrec  with  the  phenomena  of  nature^  from 
the  two  following  experiments. 

*  I.  Incifions  of  various  heights  being  made  In  the 
ftem  offeveral  plants,  their  roots  were  immerfed  in 
a  decodlion  of  log-wood.  The  roots  abforbed  the 
coloured  liquor>  which  at  length  began  to  flow 
from  the  fuperior,  and  not  from  the  inferiori  mar- 
gins of  the  incifions  \  nor  had  the  liquor  extended 
itfelf  much  upwards^  beyond  the  margin  of  the  inci- 
fion from  which  it  was  difcharged. 

*  2.  In  the  fcafon  when  the  fap  flows  mofl  abun- 
dantly, called  the  bleeding  feafon^  a  deep  cut  was 
made  into  the  branch  of  a  growing  vine,   and  the 

'  greatefl  quantity  of  fap  was  difcharged  from  the  upper 
margin  of  the  incifion :  but  a  branch  of  the  fame 
jree,  cut  in  the  fame  manner,  being  inverted,  the  fap 
flowed  moft  copioufly  from  the  'other  margin  of  the 
incifion,  which  of  courfe  was  now  that  next  the  rooti 
On  the'  other  hand,  many  experiments  may  be 
brought  to  prove  direftly,  that,  in  the  bleeding  fea- 
fon,  the  fap  afcends  from  the  roots  towards  the 
branches  s  the  following  however  may  fuffice.  i .  Early 

*  Du  Hamel  and  others.— -See  Phyf.  des  Arbres*  Tom.  I.  p.  ($^. 
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ia  the  fpring,  when  little  or  no  fap  had  as  yet  en- 
tered the  plants  Dr.  Hope  made  a  number  of  inci- 
(zons  of  different  altitudes^  into  the  root  and  (lem  of  a 
birch*  As  the  lap  rofe,  it  firft  Bowed  from  the  fupe« 
rior  margin  of  the  lowed  incifion^  and  then^  in  regular 
iiiccefiion,  from  the  upper  margins  of  the  other  inci- 
fions,  till  at  kft  it  reached  the  higheft.  2.  If,  in  the 
beginning  of  the  bleeding  feafon,  before  the  fap  is 
&>ond  in  the  item  or  branches,  an  incilion  is  made  in 
the  root  of  a  vine,  a  confiderable  flow  of  fap  will 
fbDow  the  wound,  3.  The  quantity  of  fap  is  very 
generally  proportioned  to  the  humidity  of  the  foil  *. 

'  When  a  portion  of  the  bark  and  wood  of  the 
pine  is  cut  from  the  ftem,  the  Juccus  proprius  flows  in 
confiderable  quantity  both  from  the  upper  and  under 
margin  of  the  incifion.  Hence  it  occurred  to  bota* 
nilb>  that  this  juice  might  have  litde  or  no  motion^ 
and  that  its  efflux  from  fuch  an  orifice  might  depend 
entirely  on  its  being  freed  from  the  preflTure  of  the 
bark  and  wood.  But  I  cannot  accede  to  this  opinion  : 
for  although,  in  the  beginning,  ih^  Juccus  frcprius  Rows 
from  both  margins  of  the  inciirjii,  in  a  little  while,  as 
I  have  obferved,  it  is  diichargeJ  from  the  fupcrlor 

•  It  may  flill  be  a^cd.  Why  the  Tap  flows  mofl  from  the  fape-^ 
f-c.ior  margin  of  each  incilion,  luppjiing  it  to  arife  from  the 
TOOLS  ?  The  incilion,  it  h  faiJ,  ii:rt>  ;:>.'  J-'/.roys  the  erizrgy  of  the 
fap-vcfTjls  for  a  conliderahle  \v;.y  below.  '.vhcr.C2  the  fap  is  not 
proprlleJ  apuards  againil  its  o'vn  -Atiy  it,  and  the  preiTarc  of  the 
atncfpherc  no*' admitted.  From  :..r  ai'.  :>,d  vciTcU,  i:  pafies  by 
a  lateral  coiTimunicition  (for  there  are  fap-ve:Teli  in  every  direc- 
liw-n)  n:to  thofe  uniivideJ,  ard  vvhf:\  it  h.is  /,ot  ubove  theinciuor.» 
it  again  paiTes  laterally  into  the  divided  VvjiTcls;  and  falling  do^vn- 
wanif,  from  its  own  gravity,  a  wir  t  of  cor.tinuity  of  veflcls,  and 
the  dL'ninilaed  preiTure  of  :nc  atmcfph'jre,  i:  sovs  from  the  fupe- 
xior  margin  of  thcincinon, 
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margin  enly.  This  obfervation  in  itfelf  is  not  hotv- 
ever  decifivc.  For  it  may  be  fuppofed,  that  the  liquor 
flows-  more  copioufly  from  the  fupcrior  margin,  bc- 
caufe  the  prcflure  of  the  air  is  Icfs  upon  it,  than  oil 
thef  inferior,  and  bccaufe  the  liquor  itfelf  is  difpofed  td 
fell  downwards  by  its  gravity,  in  the  fame  manner  as 
the  fuccus  communis.  That  I  might  put  this  matter 
out  of  doubt,  I  placed  the  branch  of  a  pine  in  a  ho- 
rizontal pofition,*  and  another  branch  I  inverted,  fo 
jchat  its  branches  were  turned  towards  the  earth.  In 
thefe  fituations,  I  cut  a  portion  of  the  bark  and  wood 
from  each,  and  in  both  inlftances;  the  fuccus  froprius 
flowed  only,  from  thofe  margins  of  the  incifions  which 
were  fartheft  from  the  roots.  Hence  it  appears  clearly, 
that  the  courfe  of  this  juice,  in  its  vcflels,  is  nevet 
from  the  roots  towards  the  branched,  bilt  always  in  xH^t 
contrary  diredlioh  */  , 

M.  Bonnet  conceives  that  the  nutrimcntal  iulcei  of 
vegetables  pafs  during  the  day-time  from  the. roots  td 
the  trunk  by  the  ligneous  fibres,  afllfted  by  the  iir- 
Veflcls,  and  are  principally  carried  to  the  furface  of  the 
leav*es,  where  a  copious  perfpiration  takes  place.  At 
the  approach  of  night  the  heat  ho  longer  aAing  on  the 
leaves  and  the  air  contained  in  the  air-veflels,  the  fap 
returns  towatxls  the  roots ;  at  the  fame  time  that  the 
humidity  condenfed  on  the  inferior  furfaces  of  the 
leaves,  which  by  their  inequalities  are  beft  fitted  to 
retain*^  it,  is  abforbed  and  conveyed  thtough  the 
branches  to  the  trunk.     In  this  manner  he  is  of  opl- 

* 

*  From  the  experiment  above  recited,  it  appears,  that  the  flow  of 
the  proper  juice  is  not  influenced  in  the  fame  degree,  as  that  of  the 
fiipff  by  an  alteration  in  the  pofture  of  the  veffeh  ftom  which  ic 
iiToe^.    To  what  Caiife  this  is  owing,  does  not  clearly  appear. 
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nion  chat  vegetables  are  nouriihed  in  the  day-done  by 
<heir  rootSy  and  in  die  night  by  their  leaves. 

The  fame  philofopher  wiihed  to  difcover  whether 
plants  nourifhed  by  their  leaves  would  live  as  long^ 
and  thrive  as  well^  as  others  nouriihed  by  their  nx>ts. 
He  plunged  in  fmall  veflfels^  filled  with  water,  plants 
of  niercury,  immerHng  the  leaves  of  fome  and  the 
roots  of  others.  He  left  to  each  plant  one  or  two 
fprigs,  which  were  kept  out  of  the  water,  and  which 
were  only  nourifhed  by  the  part  of  the  plant  which 
was  iaunerfed.  He  rendered  all  thefe  fprigs  as  equal 
and  as  much  alike  as  pofBble.  He  left  the  plants  in 
this  fjtoation  for  five  or  fix  weeks,  at  the  end  of 
which  time  he  could  obierve  no  difierence  between 
the  fprigs- uniformly  nourifhed  by  the  leaves,  and  thofc 
nourifhed  by  the  roots.  He  only  remarked  that  the 
leaves  plunged  in  water  feemed  to  fuSer  a  litde  more 
^m  the  afbion  of  that  fluid  than  the  roots.  M. 
Bonnet  alfo  buried  the  top  of  a  willow-tree,  leaving 
the  roots  above  ground.  The  roots  being  prevented 
from  drying  by  a  covering  which  did  not  entirely  ex- 
clude the  air,  put  forth  leave;^  mixed  with  roots ;  the 
top,  which  was  buried  in  the  ground,  produced  roots, 
and  the  plant  continued  to  live. 

Dr.  Hali:s,  in  his  flatical  experiments,  mentions  fc- 
veral  in  which  he  tried  to  change  the  natural  flavour 
of  fruits,  and  to  communicate  thofe  of  fevcral  fpirieuous 
liquors,  and  of  different  odoriferous  infufions.  With 
this  intention  he  plunged  in  different  liquors  branches 
loaded  with  fruit ;  and  left  them  there  for  fome  time, 
without  being  able  to  perceive  thut  the  tafte  of  the 
fruits  was  in  the  Icafl  altered,  whether  th-  experiment 
was  made  upon  them  ripe  or  unripe.  But  he  almoil 
always  perceived  the  fmell  of  the  liquors  or  infufions 
in  the  {{:a;ks  of  the  leaves,  and   in  the  wood.     He 
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CQnjfftures,  with .  much  probalMlity,  that  the  ve(lel&. 
near  the  friiit  become  fo  fine  as  not  to  admit  the  odo* 
riftrous  particles. 

M.  Bonnet  made  experiments  on  flowers  fimilar  to 
thofc  which  Dr.  Hales  made  on  fruits.  He  chofe  fuch. 
flowers  as  have  naituraUy  little  perfume>  as  the  diflferent 
ijpieciea  of  Frenehrbeans.  Stems  with  thele  flowers 
were  immerfed  in  tubes»  fome  of  which  were  filled 
with  fpirits  of  wine,  others  with  Hungary  w^er>  &c. 
In  about  twenty-rfour  hours  the  flowers  were  faded, 
and  they  had  already  acquired  in  a  very  fenfible  de« 
gfce  the  odours  of  the  liquors  which  they  had  im-" 
bibed.  The  odour  became  much  more  remarkable 
A  few  days  afterwards.  M.  Bonnet  alio  found  that 
the  leaves  of  the  apricot-tree  acquired  a  fenfible 
t^  odour  from  the  liquors  i&co  which  branches  of  that 
tree  were  plunged 
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Chap.    HI. 

FUNCTIONS  OF  VEOETAfitES. 

Terf^rmtUu  ^fPkaasi^Ciradatifm  •ftbe  Tlmdsin  PlaMts^-^^Priperl^ 
im  Plamts  of  emiuing  Hfital  Air  \  of  dicomf^jing  Water. — Stnfibility 
to  the  SttM*s  Light ^•^^Cau/i  of  the  GruM  Cohur  of  VegetahUsj-^ 
Bemmi^s  Exprrimaifs  em  f^fgrtoMe  PerJ^ir at  ion, '^Sexual  Sj(ftem.'^^ 
Growih  ami  Nutrimmt  of  FigetahUs.^-^Mwmrer.^^Prin^tfles  of 
JgriciJimre* 

TH  E  leaves  of  pUnts  have  been  not  improperly 
compared  with  the  lungs  of  animals.  '  Plants 
as  well  as  animals^'  fays  an  author  whom  I  have  already 
quoted  with  approbation^  ^  perfpire,  and  in  both 
cales  this  funddon  b  eidendal  to  health.  By  the  ex-> 
penments  of  Dr.  Hales  *y  and  M.  Guettaixl  f »  it  ap«^ 
pears^  that  the  perfpirable  matter  of  vegetables  differs 
in  no  refpeft  from  pure  water,  excepting  that  it  be- 
comes rather  fooner  putrid.  The  quantity  perfpired 
varies,  according  to  the  extent  of  the  furface  from 
which  it  is  emitted,  the  temperature  of  the  air,  the 
time  of  the  day,  and  the  humidity  of  the  atmofphere^ 
As  the  leaves  form  the  greateft  part  of  the  furface,  it  is 
natural  to  fuppofe,  that  the  quantity  of  thefe  will  very 
materially  affedl  the  quantity  of  the  perfpirarion.  Ac- 
cordingly, the  experiments  of  Dr.  Hales  have  afcer- 
tained,  that  the  perfpiration  of  vegetables  is  increafed 
or  diminilhed,  chiefly,  in  proportion  to  the  increafc  or 
diminudon  of  their  foliage  J.  The  degree  of  heat  in 
which   the  plant  was  kept,  according  to  the  fame 

•  Statical  Eflays,  voi.i.  p.  49. 
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author,  varied  the  quantity  of  matter  pcrfpired ;  thia 
being  greater,  in  proportion  to  the  greater  heat  of  the 
iurroundihg  atmofpherc.  The  degree  of  light  has 
likewife  confiderable  influence  in  this  relpeft :  for  Mr. 
Philip  Miller's  experiments  prove,  that  plants  uni- 
formly perfpire  mod  in  the  forenoon,  though  the  tem- 
perature of  the  air,  in  which  they  are  placed^  iliould 
be  unvaried.  M.  Guettard  likewife  informs  us,  that 
a  plant,  expofed  to  the  rays  of  the  fun,  has  its  pcr- 
fpiration  incrcafed  to  a  much  greater  degree,  than 
if  it  had  been  expofed  to  the  fame  heat,  under  the 
Ihade.  Finally,  the  ptrfpiration  of  vegetables  is  in- 
crealed  in  proportion  as  the  atmofphere  is  dry,  or  in 
other  words,  diminiflied  in  proportion  as  the  atmo* 
Iphere  is  humid.* 

Dr.  Hales  found  that  a  fun-flower,  weighing  three 
pounds,  perfpired  twenty- two  ounces  during  twenty- 
four  hours.  Pr.  Kcil  perfpired  thirty-one  ounces  in 
twenty-four  hpurs.  The  quantity. therefore  pcrfpired 
by  the  fun-flower  was  much  greater,  in  proportion  to 
Its  weight,  than  that  perfpired  from  the  human  body. 
Dr.  Keil  ate  and  drank  four  pounds  ten  ounces  in 
twenty-four  hours.  Seventeen  times  more  nouriflmnent 
was  taken  in  by  the  root  of  the  fun- flower,  than  was 
taken  in  by  the  mati.  If  the  perfpiration  of  vegetables 
is  checked,  they  fpeedily  fade.  It  is  checked  from 
glutinous  fubftances  adhering  to  their  furface;  hence 
the  advantage  of  wafhing  them.  The  more  healthy^ 
and  vigorous  the  plant,  the  moric  copious  the  perfpi- 
ration I  though  an  excels,  as  well  as  a  dcfeft  of  it, 
fcems  prejudicial  and  even  deftruftlve  to  vegetables, 
it  bears  alfo  a  proportion  to  the  quantity  of  leaves, 
thefe  being  the  principal  organs  of  perfpiration. 

1  he   odoriferous  exhalation  of  leaves  and  flowers 
forms  an  atmofphere  around  vegetables,  which  flrikes 

•  our 
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our  fenfcs,  and  which  the  oontaft  of  a  body  of  fiic  is 
fomcrimss  capable  of  inflaming,  as  has  been  oblcrved 
with  regard  to  the  fraxinclk. 

*  Sone  botani(ls>  obferves  Dr.  Bell,  '  have  con- 
ceived, that  plants,  as  well  as  animals,  have  a  regular ' 
circulatiop  of  their  fluids.  Others  think  this  verjr  im- 
|XT>bablc.  On  both  fides,  recourfe  has  been  had  to 
experiments;  and  frorri  thefe,  conclufions  perfcftly 
oppofite  have  been  deduced.  When  a  ligature  has 
been  fixed  round  a  tree,  in  fuch  a  manner  that  no  juice 
could  be  tranfmitted  through  the  bark,  the  tree  has 
been  found  to  thicken  above  the  ligature ;  but  below 
it,  to  continue  of  the  fame  circumference.  Hence 
fome  have  concluded,  that  the  fap  ascends  through  the 
wood,  and  drfcends  through  the  bark.  Thofc  who 
are  of  a  contrary  opinion  have  found,  that,  in  certain 
cafes,  the  juice  alcends  through  the  bark  only :  for 
when  a  portion  of  the  wood  has  been  cut  out,  and  the 
bark  exactly  replaced,  the  growth  of  the  tree  has  been 
found  to  go  on  unchanged :  hence  it  is  faid,  that  the 
juice  is  tranfmitted  equally  through  all  parts  of  vege- 
tables. The  experiments  adduced  on  each  fide  of  the 
queftion  are  juft,  but  the  reafonings  on  thefe,  by  each  • 
party.  Teem  equally  inconclufive.  The  analogy  of  ani- 
mal nature  aj-p^ars  to  favour  the  opinion,  that  the  juice 
rifcs  through  the  wood  only,  and  defcends  only  through 
the  bark;  but  this  analogy  is  not  complete  through- 
out. The  arteries  are  not  placed  in  the  internal  parts 
alone,  nor  the  veins  in  the  external,  but  they  accom- 
pany each  other  through  every  part  of  their  diftribu- 
pon.  In  vegetables,  the  fap  rifes^^»i  the  roots,  but 
the  proper  juice  defcends  towards  them ;  in  the  defcent 
of  the  juice,  the  wood  acquires  its  growth,  and  ab* 
forption  is  a  conftant  aftion  of  the  leaves.  Thefe  ob* 
iervations  reriScr  it  probable,  that  there  is  a  circulation 
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of  the  juice$  \  *nd  if  there  is,  the  vcflcls  which  peribrm 
it,  ^c  m^y  reafonably  bcJiei^^,  ^ccpoipany  each  other 
through  every  part  of  their  cpurfe.* 

By  wh^?  force  the  juice$  of  plapts  are  propelled  in 
tV^pir  ft'HfUlation^  rems^ins  yet  oxkt  of  the  fecreu  pf 
iiacure.  It  has  beep  attribute^  to  capillary  attradio^i^ 
hiut  tl^is  caufe  feems  inad^qi^ate  to  the  efl^  y  nor  is 
it  puffi^lc  qn  that  principle  to  explain  why  the  Tap  of 
t^e  vin^  ^^s  from  an  Incirion  niade  in,  fhe  fpri^^a 
and  not  from  one  nnade  ifl  the  finpme^,  Xhc  capillary 
attra£tio|i  ougt\t  not  tp.  be  lefs  powerful  in  the  latter 
thar\  in  tbe^  fo;'mer  (caibn ;  indeed  it  o.\ight  to  }^  morp 
fp,  as  the  heat  ^$  greater.  B.efid^^  papillary  tubes  dp 
n^t  d^fcharge  their  contents  when  broken  acroi^  i  but 
fj^iiu  th^  ftem  of  z,  plant  cut  tranfverftly,  a  larg^  quanr 
t^ty  of  fluid  is  difcharged.  The  (Xipre  probabk  ppir 
nipn  iS|  that  plants,  are  endM^  with  fpmething  of  z^ 
vital  pow^r  or  energy,  which  impels  the  jujccs  through 
the  whoje  vafcula^r  fyftcm  j  and  this  Ppwipp  is  ftrength- 
pned  by  an  pbferyatipn  of  Pj.  Bell,  which  was  the  re- 
fult  pf  experiment,  namely,  tl^iat  there  ^re  parcijculf^ 
fub.ft^nces  which  incre^fe  the  growth  of  pMnts,  Ipjy 
a^d^ipg  a^  (timidants  on  their  fibres, 

Thjc  cxpetiments  of  Dr-  Prieftlcy  hav?  fu^ciently 
ibewjD  that  v^etables  have  the  ppwer  of  corre^ing. 
had  air ;  ai^l  Dx.  Ingenhouz  has  prpyed  that  th,ey  hav<f 
the  faculty  o£  producing  yi(;al  air  pnly  when  ajSjed  on 
hy  the  rays  of  light.  If  a  vegetable  U  immerfed  ia 
water,  and  the  rays,  of  the  fun.  diredled  on  it;,  air-but)r 
bles  vyitt  be  obferved  t^  collie<^  on  the  l^avyes,  and  a£ 
Jcngrh  riie  to  the  fur&ce  of  th<^  water.  This,  appear^ 
ance  is  moft  remarkable,  in  the  tDo;:niQg,  as  the  leaves 
have  not  then  been  previoufly  exhaufted  by  the  adipn^ 
of  light.  Vital  aic  o£  a  great  d^^gree  of  purity  ipay 
be  obuined  in  the  fiimnier  lioiej  ipy  i^AO^ct^ng  a  ]ac 
I  filled 
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filicd  wich  water  in  iuch  a  manner  as  to  recdive  tht 
air- bubbles  as  thejr  arife.  All  plants,  however^  do  no( 
emir  this  air  with  the  fame  facility ;  there  are  ibma 
which  emit  it  the  moment  the  ravs  of  die  fun  a& 
upon  thenn,  and  rhis  is  the  cafe  with  lavender.  Somcr 
aqtiadc  plants  afford  vital  air  with  great  facility,  fome 
more  (lowly,  but  none  later  than  in  eight  or  aen  mi* 
flutes,  provided  the  fun's  light  is  ftrong^  The  air  is 
almoft  enrirely  furnifned  by  the  inferior  furiace  of  the 
leavei  of  trees;  herbaceous  plartts  afford  it  from 
alnMH  Che  wh^ile  of  their  furface^  The  leaves  afford 
more  air  when  attached  to  the  plane,  than  when  ga« 
chefcdy  and  the  quaatity  ia  gfeat^r^  the  frefber  and 
fiMWder  thef  are.  Young  leaves  atfbrd  but  a  fmalt 
quantity  of  vital  air ;  thoie  which  are  full  grbWn  afl%>rd 
more,  and  the  more  the  greener  fliey  ar<?.  The  epi- 
dermb,  the  bark,  and  petals  do  not'  aflfbrd  it,  ^nd  ift- 
geocral  vital  air  proceeds  only  from  thofe  parti  of 
plants  which  are  of  a  green  colour.  Thirs  green  eom 
and  green  fruits  afford  this  air,  but  it  is  not  produced 
by  thofe  which  arc  ripe ;  and  flowers  in  general  render 
the  air  noxious.  Thefe  fafts  may  rend  to  explain  the 
iranner  in  ^hich  the  light  of  the  fun  operates  in  ma- 
tnring^  fruits,  viz.  by  expelling  the  fuperfluourbxygen, 
and  thus  changing  them  from  a  harffi  and  four,  into  a- 
mild  and  fweet  fubftance.  Aquatic  plants,  arid  fuch  as- 
grow  \r)^  moift  places,  are  remarkable  not  only  for 
affording  a  large  quantity  of  vital  air,  but  alfo  for  ab- 
forbing  inflammable  gas,  and  are  therefore  in  all  re* 
fpcfts  calculated  for  purifying  the  air  of  marfhy  fitua-r 
tions.  A  very  extraordinary  powci*  of  abforbing  in- 
flammable air  was  obferved  in  the  willow  by  Dr. 
Priefliev  :  and  this  fad  feems  conneftcd  with  the  ra- 
pid  growth  of  that  plant  in  marfhy  fituations,  wherd* 
much    iijGammable   air  is  produced.     M.  Scnnabier" 
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found  that  plants  yield  much  more  vital  air  in  diftillcd 
urater  impregnated  with  fixed  air,  than  in  fimple  diftilled 
water. 

It  appears  further,  from  the  experiments  of  Dr. 
Prieftley,  that  plants  will  bear  a  greater  proportion  of 
inflammable  than  of  fixed  air,  and  that  vital  air  ap- 
peared generally  injurious  to  plants.     A  (prig  of  mint 
growing  in  water,  placed  over  a  fermenting  liquor,  and 
of  courfe  expofed  to  fixed  air,  became  quite  dead  in 
one  day ;  a  red  rofe  became  of  a  purple  colour  in 
twenty-four  hours.     Plants  die  very  foon  both  in  ni-. 
trpus  air,  and  in  common  air  when  faturated  with  it. 
Air  appears  uniformly  to  have  been  purified  by  healthy 
plants  vegetating  in  it ;  but  thefe  experiments  require 
greait  nicety,  as  the  leaft  degree  of  putrcfadtion  will 
injure,  the  air.     The  air  contained  in  the  bladders  of 
marine  plants  was  foijnd  confiderably  purer  than  com- . 
fnon  air, 

Armofpheric  air  is  reftored,  after  being  injured  by 
reffyration  or  connibuftion,  by  a  plant  vegetating  in  it. 
This  reftoration  of  air  depends  upon  the  vegetating 
ftate  of  the  plant  j  for  a  number  of  mint-leaves  frefh 
gathered  being  kept  in  air  in  which  candles  had  burnt 
out,  did  not  refture  the  air.  Any  plant  will  efirdl  this 
purpofe,  but  thofe  of  the  quickeft  growth  in  the  moft 
expeditious  manner. 

That  plants  have  a  property  of  producing  pure  air 
from  water  is  evident  from  an  experiment  of  Dn 
Prieftley.  The  green  matter  which  is  to  be  obfervecj 
in  water  is  doubtless  a  vegetable  production.  Water 
containing  this  green  matter  always  afforded  vital  air 
in  a  large  quantity,  but  water  which  had  it  not  afforded 
none.  It  has  been  frequently  obferved  that  vegetables 
do  not  thrive  in  the  dark.  A  receiver  was  therefore 
*  filled  with  water^  ^d  l^ept  tiil  i(  was  in  a  ftatc  of  giving 
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air  copiouflv ;  after  this  it  was  removed  into  a  dark 
room,  and  from  that 'time  the  produclioQ  of  air  en- 
tirely ceafcd.  When  placed  again  in  the  fun,  it  afforded 
DO  air  tiU  ab-^ut:  :cn  days  after,  when  it  had  more  green 
matter,  die  former  plants  being  probably  all  dead  ; 
and  no  air  could  be  produced  till  new  ones  were 
icmncd. 

From  various  experiments  it  appeared,  that  different 
animal  and  vegetable  putrefccnt  fubi  ranees  afforded 
a  very  copious  pabulum  for  this  green  vegetable  mat- 
ter, which  produced  fo  freely  the  vital  air ;  whence 
the  philofophic  author  of  this  difcovery  is  led  to  the 
following  conclufions— *  It  is  inipofiible/  lays  he,  *  not 
to  obferve  Irom  theie  experiments  the  admirable  pro* 
vilion  in  nature,  to  prevent  or  leflen  the  fatal  efie6b 
of  (.  utrefaftion,  efpecially  in  hot  countries,  where  the 
rays  of  the  fun  are  mod  dire6t,  and  the  heat  moff  in- 
tcnle.  Animal  and  vegetable  fubilances,  by  fimply 
putrefying,  would  neceffarily  taint  gi  eat  maflcs  of  air, 
and  render  it  unfit  for  refpiration,  did  not  the  lame 
fiibdances,  putrefying  In  water,  fupply  a  moft  abundant 
pabulum  for  this  wonderful  vegetable  fubftancc,  the 
feeds  of  which  ferm  to  exift  throughout  the  atmofphere* 
By  thefe  means,  inftead  of  the  atmofphere  being  cor- 
rupted, a  large  quantity  of  the  pureft  air  is  continually 
thrown  into  it.  By  the  fame  means  alfo,  ftagnant  wa- 
ters are  rendered  much  lefs  offenfive  and  unwholfome 
than  they  would  orherwife  be.  That  froth  which  we 
obferve  on  the  furface  of  fuch  waters,  and  which  is 
apt  to  excite  difguft,  generally  confifts  of  th^  pureft 
vital  air,  fupplicJ  by  aquatic  plants.  When  the  fun 
Ihines,  this  air  may  be  obferved  to  iffue  from  them. 
Even  when  aniir.al  and  vegetable  fubftances  putrefy 
IB  air,  as  they  have  general. y  fon^.c  moifture  in  them, 
various  other  vegetable  produdionsj  in  the  form  of . 
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ixicdd,  &c.  find  a  proper  nutriment  in  them^  and  by 
converting  a  confidcrablc  part  of  the  noxious  effluvia 
into  their  own  fubftance,  arreft  it  in  its  progreis  to  cor- 
rupt the  atmofpherc.* 

The  fame  vegetables  which  nfFord  vital  air  very 
plentifully  in  the  light  of  the  fun,  afford  in  the  fhtiie. 
air  lefs  pure  than  that  of  the  atmofphere.  This  ftrikr, 
ing  efied  cf  light  on  vegetables  is  a  ftrong  argu- 
ment in  favour  of  the  opinion,  that  the  niotioQ  of  the 
juices  of  the  vegetables  is  perfbrnied  by  veflels,  which> 
like  tbofe  of  animals,  pofiefs  irritability,  and  arc  excited 
to.  action  by  Simulating  fubftanccs. 

The  cfFcdl  of  vegetation  in  producing  the  vital  air». 
which  was  afforded  in  the  preceding  expcriobentSy 
feen^d  in  fome  meafure  dubious,  to  Sir  Benjamin 
Thompion,  ^o  extraded  vital  air,  by  immcrfiog  ia' 
woser  a  variety  of  fubilances,  as  raw  fiik^cottOQ,wQo}^ 
cider- down,  hare's  fur,  ftieep's  wool,  lavelKngs  of  linens 
aind  human  hair — as  related  iaa  femocr  book.  He- 
was  led,  from  the  reflilc  of  thtfe  crests,  to  fufped  that 
the  pure  air  was  mercty  feparated  from  the  wateryaod 
that  any  fubftance  which  wouki  af):  by  a  capiUary  at- 
traction, ib'  as  to  feparate  the  component  pares  of  the 
W3€er>  would  cfFedt  the  pw>du£Uon  of  pure  ahr.  He 
therefore  procured  a  quantity  of  fpim  gla&j  which  con* 
fifts^  minuce  tubesj^  which  he  immerfcd  in  water,r  but 
the  quantity  of  pure  air  produced:  was  very  trifling.- 
Hence  he  concludes^  that  there  is  (bniething  in  thoie 
ftibftances  which  operates  in.  producing  pure  air,  and. 
that  it  is  not  merely  a  meciuuiical  feparadon  of  the 
component  parts  of  water. 

The  ligho  c^  lamps  produced  the  (ame  effi^d:  as  the. 
(tin's  light,  air  in*  great  quantines  was  pnoduced,  an4! 
perfeftly  pure.  Vegetables  will  alfa,  with  any  ftrong 
light,  prodMiPC  vital  aic  as  wplt  a$.  with  the  light  of  the 

fun. 
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fim.  Ttic  air  frqm  filk  w^s  much  fuperioF  CQ  thae  from 
itgccablcs. 

Plants  have  a  remarkable  fenfitiilicy  to  light  i  they 
imfokl  their  fi.>wers  to  the  fun,  they  follow  his  courfe 
by  turning  OB  their  (leins,  and  are  cbfed  as  Ibon  as  he 
diiappc^rs.  Yegetabies  placed  in  rooms  where  they 
reociTe  light  only  in  one  direction  always  extend  them^ 
(elves  that  way.  If  they  receive  light  in  two  dire^tionSn 
tjicy  ikn&  their  courfe  towar4s  the  (trengcft.  Tree^ 
growing  ii|  ihick  ibreftsi  where  tt^y  only  receive  light 
fioai  above^  direct  their  ihoots  almofl  invariably  up-f 
wards,  and  therefore  become  much  tollcp  and  lels 
^ireadiog  than  iuch  ae  ftand  fingle.  This  aSeftioo  for 
%at  feems  la  explain  the.  upright  growth  of  vege- 
tabv^  a  curious  phenomenon,  too  common  to  be  much 
attended  to.  It  has  been  aicercaincd  by  repeated  ex^ 
perimcnis,  that  the  green  colour  of  plants  is  entirely 
owing  io  lighi ;  f^r  plant:*  reared  in  the  dark  are  well 
koown  to  be  per^^ly  white. 

If  we  take  a  fucciUent  plant,  and  exprefs  its  juice> 
the  liquor  appears  at  firft  unirbrmiy  green ;  bu5  allow 
it  to  ftaod,  and  the  green  colour  feparates  from  the 
watery  8uid,  and  fells  to  thr  bottom  in  a  fediiPent.  If 
we  colicci:  ihis  fcdimen  it  will  be  found  to  be  of  an 
oily  nature,  for  it  does  not  diflblve  in  water,  but  it  will 
in  fpirits  of  wine,  or  oil,  to  which  it  iii.parts  a  green 
colour.  As  the  lun  produces  the  green  colour  in  }^lants, 
and  as  this  rcfides  in  an  oily  matter,  it  was  formerly 
concluded  that  light  furnifhes  the  oily  matter  of  ve- 
getabks,  and  diat  it-  effects  thi;*  by  furnifriing  the  prin- 
ciple or'  inflammability.  The  new  chemical  do  rines^ 
however,  afford  a  much  more  latisfactory  exi^lanation 
of  the  cfttrft  of  the  fun's  rays  in  producing  the  oily 
mucer  in  vegetables.  Vegetable  matrer  copfifts  in 
general  of  carjbon,  hydrogen  aod  Qxygen  s  th^  iun*s  rays 
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produce  a  difcngagement  of  the  latter  principle  in  the^ 
form  of  vital  air,  and ,  the  two  former  are  the  confti-^ 
tueht  principles  of  oil. 

M.  JBonnct  made  a  feries  of  experiments  in  order  to' 
afcertain  whether  the  fuperior  or  the,  inferior  furfaces' 
of  leaves  have  a  greater  (hare  in  performing  perfpira-^* 
tioh.     From  the  trials  which  he  made,  he  conehides' 
that  the  inferior  (uiiface  pf  the  leaf  is-  in  general  by  ftr • 
the  mod  a<5tivci  in  this  refpeft,  though  in  one  oi^C^o' 
fpeqies  of  vegetables  this  difference  was  much  lefs  re- 
markable.    The  mallow  was  the  only  vegetable  the 
leaves,  of  which  perfpired  more  by  the  upper  than  the' 
inferior  furface.     The  method  which  he  employed  to 
afcertain  the  comparative  effedt  of  the  two  furfaces  wis> 
to  cover  firft  one  and  then  the  other  furface  with  oiU' 
The  leaves  were  then  immeried  in  tubes  filled  with^ 
water,  and  the  quantity  of  the  perfpired  matter  was' 
meafurcd  by  the  length  of  the  tube  enriptied  in  a  given ' 
time.     The  oil,  by  flopping  up  the  pores,  prevented 
perfpiration  from  the  furface  to  which  it  was  applied. 
Some  large  leaves  of  the  white  mulberry-tree  bcinjg 
kept  fufpended  on  water  with  their  upper  furfaces  in 
contaft  with  the  fluid,  faded  in  five  days ;   fome  leaves' 
of  the  fame  tree,  being  placed  in  a  fimilar  fituation, 
but  with  the  inferior  furfece  touching  the  water,  were 
preferved  green  for  nearly  fix  months. 
.  The  fexual  fyftem  has  been  the  fafhionable  fyftem 
of  botany  for  many  years.     It  is  well  known  that  the 
palm  is  of  that  clafs  of  vegetables  whjch  has  flowers  of 
different  fexes  on  different  trees.  ,  The  peafants  in  the 
Levant,  whether  acquainted  with  this^faft,  or  whether 
dircfted  to  the  praftice  by  accident  alooe,  have  been 
accuftomed  to  break  branches  from  the  male  palm 
while  in  flower,,  and  attach  them  to  the  female  plant, 
which  they  find  to  be  conftandy  productive  of  an  abun-< 
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dant  crop.  This  &£b  has  alfo  been  proved  by  a  mod 
decifive  experiment  of  M.  Greditfch.  There  was  in 
the  royal  garden  at  Berlin  a  beautiful  palm-tree,  a  fe- 
male plant,  which,  howeyer,  though  twenty-five  years 
old^  had  been  always  barren.  There  was  another 
palm  at  Leipfic  of  the  male  kind,  which  bloflbmed 
every  year.  This  ingenious  bouinift  undertook  to 
fecundate  the  palm  at  Berlin  from  th.it  at  Leipfic,  and 
had  fome  of  the  bloffoms  conveyed  by  the  pcft.  The 
confequence  was,  that  he  produced  that  fcafon  excel- 
lent dates ;  and  die  experiment,  profecuted  with  fbme 
variadon  for  feveral.  fuccecding  years,  was  attended 
with  the  fame  fiiccefs  *. 

It  has  been  faid,  that  the  pollen  was  deflined  for  the 
impregnation  of  the  germen.  This  is  performed  in 
the  following  manner.  The  antheras,  which  at  the 
firft  opening  of  the  flower  are  whole,  burft  (bon  after, 
and  difcharge  the  pollen.  Being  diiperfed  about  the 
flower,  part  of  the  pollen  loJges  on  the  furfacc  of  the 
ftigma,  where  i:  is  deuincd  by  the  moiflure  with 
which  that  pare  is  covered.  Each  fingle  grain  or 
atom  of  the  pollen  has  been  obfervcd  by  die  microf- 
cope  to  burft  in  this  fluiJ,  and  is  fuppofed  to  difcharge 
ibmething  which  in.prcgnaccs  the  g?rmen  below: 
what  the  fubftance  is  which  is  fo  difcharged,  and  whe- 
ther it  adbually  paflcs  through  the  ftyle  into  the  germen, 
fcems  yet  uiidetcnnined,  from  the  great  difficulty  of 
obferving  fuch  minute  parts  and  operations.  In  fome 
vcgeubles,  the  ftamina  move  towards  the  piftillum ; 
and  a  very  evident  motion  of  tliem  is  obfcrved  in  the 
ftowers  of  the  common  berberry,  on  touching  them 
wirh  the  point  a  a  \y.:\. 
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The  HOuftTSHKfENT  of  vegetables,  as  it  is  fo  imU 
ifiadply  6onne6ted  with  the  impoitant  fcience  of  agri«^ 
culture,  has  defervedly  attraded  eon(iderable  atceiitibni 
Mr.  Boyle  dried  in  an  oven  a  quantity  of  earth  proper 
for  vegetation,  and,  after  carefully  weighing  it,  planted 
in  it  the  feed  of  a  gourd ;  he  watered  it  with  puri 
rain-water^  and  it  produced  a  plant,  which  Weighed 
fourteen  pounds,  though  the  earth  had  fuflfered  no  fen« 
fible  diminution. 

A  willow-tree  wfts  plancird  by  Van  Helmont^  in  i, 
pot.  Containing  lOO  pounds  of  earth.  This  was  in  ge* 
Mral  watered  with  diftiUed  water,  or  ibmetiines  with 
rain-water,  which  appeared  pcrfeftly  pure;  Th^  veflel 
condining  the  plant  was  covered  in  fuch  a  nnahner  as 
totally  to  cxchidc  the  entrance  of  all  folid  matten  At 
the  end  of  fiveyears,  upon  taking  out  the  plant,  he 
£nmd  it  to  have  increafed  in  weight  not  left  than  115 
pounds,  though  the  eaith  had  loft  only  two  ounces  of 
its  original  weight. 

Thcfe  expcrinients  would  admit  of  fome  doubt,  arid 
muft  have  remained  in  a  great  meafure  inexplicable^ 
but  for  the  experiments  of  Mr.  Cavcndilh,  and  the 
fofts  related  by  Dr.  Prieftley,  which  place  it  beyond  i 
doubt,  that  vegetables  have  a  power  of  dccompofing 
water,  and  converting  it,  with  what  they  derive  front 
the  atrtiofphere,  into  almoft  all  the  different  matters 
found  to  exift  in  their  fubftance.  For  the  produfts  of 
Wood  in  diftilktion,  I  muft  refer  the  reader  to  whAt  has 
been  advanced  in  the  chapter  on  carbon,  or  the  carbo- 
naceous principle. 

All  the  proper  juices  of  vegetables  depend  on  th6 
organization,  as  is  evident  from  the  operation  of  graft- 
ing. From  the  materials  of  fimple  water  and  air,  arc 
produced  tjiiofe  wonderful  diverfitics  of  peculiar  juices 
and  fruits,  which  the  vegetabk  world  affords  i  and  thiJ 

immeniir 


Chap.  3.J  Pabklitm  of  Plants.  3I 

immcnfe  variety  of  taftes,  fmells,  &c.  In  the  fame 
v^etabk  what  a  variety  is  found !  The  bark  is  diffe- 
rent  in  tafte  from  the  wood,  the  peculiar  juices  have 
fomething  different  from  them  both,  and  the  pith  of 
plants  afibids  a  matter  which  could  not  have  been  ex«- 
pe&ed  from  their  exterior  properties.  The  root  is  often 
different  from  the  flem,  and  the  fruit  from  both,  in  all 
their  fenfible  qualities. 

In  whatever  way  the  nourifhment  of  vegetables  is 
received,  it  may  fairly  be  faid  to  confift  principally  of 
water.  I  am  inclined  to  believej  however,  that  cal- 
carcom  earth,  in  fmall  portions,  may  enter  into  the 
compofidon  of  at  leaft  many  vegetables;  fince  anunals 
wbidi  ezift  entirely  on  vegetable  food  are  found  to 
have  in  their  iblid  parts,  the  bones  for  inftance,  a  con« 
fiderablc  portion  of  this  fubftance ;  though  it  mud  bf 
oonfefied,  that  chenucal  analyfrs,  as  far  as  it  has  hitherto 
gone,  does  not  warrant  us  in  fuppofing  calcareous 
earth  to  be  an  eflfential  condituent  of  ^  vegetable 
matter.  It  may  be  faid  further,  that  on  fome  occa- 
fions  the  addition  of  otlier  matters,  as  of  different  kinds 
of  manure,  adds  greatly  to  the  growth  of  vegetables; 
but  in  whatever  degree  a  rich  foil  or  dung  may  add  to 
the  luxuriance  of  growth,  other  facts  feem  to  prove 
that  it  is  not  eflcntial  to  vegetation.  It  is  well  known 
that  many  her.bs  fiourilh  in  pure  water,  and  that  pear, 
plum,  and  cherry  trees,  planted  in  pure  mofs,  have 
arrived  at  fuch  perfection  as  to  produce  good  fruit  *. 

Different 

•  It  is  but  hiT  to  infert  th?  following  fift,  which  fcems  to  fa- 
f our  the  ceceflity  o£  carbonic  matter  to  the  growth  and  increafo 
•fat  leaft  feme  fpccies  cf  vciretablcs. 

•*  M.  Ruchcrt  is  perfoaded  triat  earth  and  water,  in  proper 
proportions  form  the  fole  nutriment  of  plants;  but  M.  Giobert 
has  clearly  inewn  the  contiary  ;  for,  having  aaiKed  pure  earth  of 
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Different  theories  have  been  advanced,  to  accQunt 
ibr  the  operation  of  manures  in  promoting  the  growth 
of  vegetables,  none  of  which  fecm  altogether  fatis* 
&6tory.  The  common  opinion  is,  that  the  fubftances 
employed  as  manures  are  the  food  of  plants,  and  art 
abforbed  by  their  roots.  This  hypothefis  may  Be  true 
to  a  certain  extent,  when  applied  to  fome  manures,  but 
cannot  be  true  with  regard  to  them  all  i  for  it  is  wett 
knowi)3  that  not  only  chalk  and  lime,  but  even  flints, 
are  very  beneficial  to  fome  foils.  Another  opinion  is, 
that  Vjoanures  a6l  by  bringing  foiU  to  fuch  a  confiftence 
as  is  favourable  to  the  growth  of  the  roots  of  vegeta- 
bles, and  to  the  affording  of  them  water  in  a  proper 
quantity,  A  third  opinion  is,  that  manures  a6t  as  fti- 
muli  on  the  roots  of  vegetables,  and  thus  excite  them 
to  more  vigorous  aftion.  Some  authors  think  that 
manures  aft  as  folvcnts  on  matters  previoufly  contained 
in  the  foil,  and  ;hus  fit  them  for  entering  the  roots  of 
plants  i  and  others,  that  they  aft  chemically,  by  form- 
ing combinations  which  are  favourable  to  vegetation. 
Which  of  thcfe  hypothefes  is  beft  founded,  it  is  difficult 
to  determine ;  but  it  does  not  fecm  unlikely  that  they 
may  be  all  true  to  a  certain  extent. 

When  we  attempt  to  difcovcr  the  component  prin- 
ciples of  the  objefts  around  us,  and  the  (purees  whence 
they  are  fupported,  we  are  lofl  in  the  greatnefs  and 
diverfity  of  the  fccnes  prefcnted  to  us.  We  fee  animals 
nouriflied  by  vegetables,  vegetables  apparcindy  by  the 
remains  of  animals,  and  fofiUs  compofed  of  the  relics 

Alluxn,  (ileX)  calcareous  earth,  and  magneiia,  in  varions  propoiv 
tions,  and  moiftened  them  with  water,  he  found  that  no  grain 
would  grow  in  them ;  but  when  they  were  moiflcned  with  watef' 
from  a  dunghill,  corn  grew  in  them  profperoufly.  Hence  the 
neceflity  of  the  carbonic  principle  h  apparent:"— ^/rot-tfa  om 
MoMuris,  p.  4a. 

of 
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of  both  thde  kingdoms.  It  is  tertain,  howcver»  that  ve^ 
gctablcs  muft  in  every  part  of  the  globe  have  preceded 
anioials.  A  feed  of  mois  lodging  in  a  crevice  of  a  bare 
rock  is  nourilhed  by  the  atmofpherej  and  the  moifture 
afibrded  by  the  rains  and  dews.  It  conies  to  perfections 
and  (beds  its  feeds  in  the  mouldering  remains  of  its  own 
fubftance«  Its  ofBpring  do  the  iame^  till  a  cruft  of 
vegetable  moukl  is  formed  fufficiently  thick  fbf  die  iup« 
port  of  grafs  and  other  vegetables  of  the  lame  growth. 
The  faoie  procels  going  forward,  ihrubsy  and  lafUy^  the 
largeft  trees,  may  find  a  firm  fupport  on  the  once  barren 
rock»  and  brave  the  efibrts  of  the  tempcft. 

From  the  advantages  derived  from  a  Change  of 
crops  in  agriculture,  it  has  been  fiippofed  that  difl^nt 
vegetables  derive  different  kinds  of  nouriihment  from 
the  teie  foil,  feleding  what  is  bed  adapted  to  their 
own  (upport,  and  leaving  a  fupply  of  nourifhment  of 
another  kind  for  vegetables  of  a  different  fpecies.  Waa 
this,  however,  the  aife,  vegetables  would  tot  (b  much 
impede  each  other's  growth  when  placed  neaf  toge- 
ther    And  in  the  operation  of  grafting,  we  have  a 
clear  proof,  that  the  juices  received  by  the  root  of  one 
fpecies  of  tree  may,  by  the  organization  of  the  inferted 
twig,  be  fubfervient  to  the  growth  of  leaves,  flowers, 
and  fruit  of  a  different  kind.     The  advantage  derived 
from  a  change  of  crops  may  be  better  explained  on 
other  principles :  fome  plants  extend  their  roots  hori- 
zontally on  the  furface  of  the  foil,  others  ftrike  them 
downwards  to  a  confiderable  depth.     Some  plants  arc 
found  to  bind  or  harden  the  foil,  others  to  loofen  it. 
Thus,  for  example,  wheat  and  rye-grafs  render  a  foil 
ftiff^,  while  pulfc,  clover  and  turnips  pulverize  it.     By 
varying  the  crops,  therefore,  the  foil  is  preferved  in  a 
middle  ftate,  between  too  much  ftiffnefs  and  too  much 
friability.     Nor  is  this  the  only  good  effeft  arifuig  from 
Vol.  III.  D  this 
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this  difference  of  roots.    Fron)  this  circumftance  fome 
vegetables  draw  their  nourifhment  from  the  furface  of 
the  earchj  while  others  xlerive  it  partly  from  a  greater 
depth.    So  that,  by  a  change  of  crops,  a  larger  portion 
ef  the  foil  is  made  to  contribute  to  the  nourifhment  of 
plants  than  could, have  been  efleded  by  the  cultivation . 
of  any  fimglc  fpeci^s.    One  other  advantage  to  be  dft- 
rived  from  a  change  of  crops^ ,  is  this :  fome  plaots- 
eitfra&almoAtthe  whole  of  their  nourifhment  from  the 
foil;  an^  thiols  particularly  the  cafe  with  thofe  which 
a^e.moft  valuajlpfle,  and  which  contain  the  greatefl:  quan- 
tity of  folid  matter.     By  the  rep^tion  of  fuch  crops*  . 
hoiyevcTj  the  <  foil  is  found  to  become  tpo  much-ex- 
haufled.     There  are  other  plants  which  derive  a  large 
proportion  of  their  nourifhmcn  t  fronn  th^  air  ^   by^.  fuch 
therefore  the  foil  will  be  mych  Jefs  exhaufted.  antl/un^  ^ 
der  a  crop  of  them  will.be  in  fome  meafure  at  reft* 
T^e  good  effects  of  a  change  of  crops  may  therefbr<^ 
be.  fufEcicntl]^  explained,  without  fupppfing  that  .each 
particular  fpecies  of  vegeubles  is  nourifhed  by  adificf- 
ent  kind  of  food.     This  opinion  is  alfo  neceffaiiJily 
attended  wicfi  two  great  difEculties :  one  is^  that  there  . 
exi^s  in  e^very  foil  as  many  diftinA  kinds  of  nouriOi- 
ment,  as  thei:9,are  fpecies  of  plants  capable  of  growing 
in  that  foil  \  the  otherj  that  plants  are  endued  with  ti^ . 
faculty  of  difceroingandfelefting,  from  all  thefe  kin(l9> 
their  own  proper  nourifhment.     TJie  former  of  theic: 
fuppofitions  is  top.  iibfurd  to  merit  the  leafl  attentioa^ 
and  the  latter  has.  been  difprovcd  by  aftual  experiment^ 
fince  plants  are  not  able  to  prevent  their  roots  from 
abforbing  fuch  matters  as  prove  poifonous  to  them. 
Other  writers,  however,  have  been  .more  moderate^ , 
and  though  they  have  rejected  the  idea  of  fpccific  nou- 
rifhment in  general,  have  neverthelefs  imagined  that 
the  hypothelis  might  be  well  founded  with   refped: 

-  to 
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to  particular  fpoctes  of  vegetabks-  .  This  -they  iqfer 
fiora  the  cxiftcnce  of  fpcQific  fnanures,  as  [loot  fqr 
£untfbin,  alhcs  for  vvhkc  clover,:and  fome  ojthers.  if. 
does  not  feem  pflffible>:however9  'to  .draw  a  line  Cjf 
iaSdj\&\6n%  and  if  we  rtyih  the  ivlea  of  a  fpecifi^ 
oouriffament  :in  geiKnd,  we  cannot: admit  it  in  pardr 
cnlar  inftances. 

in  order,  to. difcDver. whether  plants  have  an  adual 
power  of  diftinguifhingJTiattersprefented  to  their  roots^ 
a  fiiend,  who  iflifted  ,itie  ineompiiing  this  part  of 
the -Workytniade^  among  others^  .the. following- e:ipe- 
nnttnc 

'A  vigorous  plant  of  mint  was  placed  in  a  n^'a- 
ounce  phialj  fiikd  with  fihrated  well-water,  to  which 
were  added  four  drops,  of  a  moderately  flrong  folu- 
tioR  of. fal mart's.     On  examining' the  plant  die  fol- 
lowing day,  no  •  other  effeft  was  obfcrvcd,  than  that 
the  veiy  tips  of  the- radicJes- were  withered  and  black* 
Tour  more  drops  /  of  the  folution  were  row  added. 
On  the  third  day  the  ^appearances  were  the  fame ; 
and  no  new  change  taking  place  on  the  fourth,  twelve 
more  drops  of  the  Iblution  were  added.     On  the  fifth 
day  the  roots  appeared  of  a^  yellowilh  green  colour,  and 
the  top  drooped  very  much.     The  larger  leaves  were 
pretty  much  withered  and  blackened.     The  abforp- 
lion  of  the  water  appeared  to  be  in  fome  meafure 
impeded,  but   not  entirely  prevented.     On  the  fixdi 
day   the  whole  plant  was  withering  very  faft ;    the 
roots  became  of  a  dark  olive-green  colour,  and  the 
larger  leaves  were  become  very  black,  efpecially  the 
fooc-ftalks  and  the  projefting  fibres.     On  the  fevench 
day  the  blacknefs  had  made  ftill  further  progrefs,  and 
the  plant  was  dead.     A  fufficient  proof  that  fome  of 
the  iron  was  abforbed  by  the  plant,  may  be  drawn 
from  the  following  circumftance— its  leaves  when  ma- 
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cerated  in  dtiKlled  water^  produced  a  black  colour 
widi  galls.  The  leaves  of  a  plane  of  mint,  which  had 
been  nouitfhed  by  water  alofle>  when  tried  by  the 
fame  teft>  produced  n6  colour  whateven  Trifling  as 
this  experiment  may  appear,  ic  proves  two  points  s 
that  plants  have  not  the  power  of  rejedting  even  inju^* 
nous  matters  when  prefented  to  their  roots ;  and  that 
other  matters  beGdes  water  and  air  are  capable  of  being 
ablbrbed  by  them. 

Agriculture  feems  yet  to  be  ne^ly  in  its  in&ncy^ 
and  even  the  benefit  produced  by  the  common  cuilom 
of  letting  lands  lie  fallow,  has  not  yet  been  fatisfafto^ 
rily  explained.  Something  may  no  doubt  be  attri« 
buted  to  the  deftnk,Hon  of  weeds,  but  more  probably 
to  ibme  change  produced  in  the  foil  by  its  being  cx- 
pofed  to  the  aAion  of  the  fun  and  air.  The  m^n^e« 
ment  of  nitre-beds  may  tend  to  throw  fome  light  on 
this  fubjeft.  Thefe  are  compofed  of  calcareous  earth 
and  dung  cemented  together.  After  being  expofed 
for  fome  months  to  the  air,  they  are  found  to  contain 
a  quantity  of  nitrous  acid,  which,  uniting  to  the  cal*^ 
careous  earth,  forms  a  kind  of  fait,  which  is  extracted 
by  lixiviation.  Now  calcareous  earth  and  dung  arc. 
two  of  the  mdft  powerful  kinds  of  manure,  and  it  doet^ 
not  feem  improbable  that  their  fertilizing  powers  may 
be  in  feme  manner  connedlcd  with  their  property  of 
affording  nitrous  acid. 
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IT  has  been  already  remarked^  that  the  fimple  com- 
ponent principles,  which  are  eflendal  to  the  fora^a- 
CioD  of  vcgetatde  matter^  are  but  three  in  number, 
namelyt  carbon,  hydrogen,  and  oxygen.  From  the 
▼arious  proportions  in  which  thefe  ingredients  are 
combined,  refults  aknoft  all  the  variety  of  vegetable 
matters  which  &11  under  our  notice.  Sugar,  mucus 
(under  which  term  I  include  die  different  kinds  of  gums^ 
and  ftaicb)  are  vegetable  oxydg,  having  hydrogen 
and  charcoal  combined,  in  different  proportions,  as 
dieir  radicals  or  bales,  and  united  with  oxygen,  fo  as 
to  bring  them  to  the  ftate  of  oxyds.  From  the  ftatc 
of  oxyds  they  are  capable  of  being  changed  into  that 
of  acids,  by  the  addition  of  more  oxygen;  and  accord* 
ing  to  the  degrees  of  oxygenation,  and  the  propor- 
tion of  hydrogen  and  charcoal  in  their  bafis,  they 
form  thp  feycral  kinds  of  vegetable  acids.  On  the 
odier  haqd,  gum  by  being  deprived  of  oxygen  is 
capable  of  affording  oil.  M.  Woulfe  has  found  that 
a  pound  of  gum  arabic  diftilled  with  a  quarter  of  a 
pound  of  vegetable  alkali,  fumifhes  a  confiderablc 
quantity  of  oiL  The  liquor  which  rifes  along  with 
it  is  not  at  all  acid ;  therefore  the  acid  of  the  gum  re- 
mains united  with  the  alkali.  Honey  afforded  copi- 
#uily  an  oil,  when  fubmitted  to  the  fame  procefs. 

Dj  The 
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The  following  are  all  the  vegetable  acids  hithc|tQ 
known. 

1.  Acetous  acid,  orvmqgar-^ 

2.  Oxalic  acid,  or  that  of  forrel  and  fugar, 

3.  Tartarons  acid.- 

4.  I'JPto  *,  or  empyreumatic,  tartarous  acid. 

5.  Citric  acid,  or  that  of  lennons;  * 

6.  Malic  acid,  or  that  of  appte&r 

7.  Pyro- mucous  acid. 

8.  Pyro-ligneous' acid. 

9.  Gallic  acid,  or  that  of  galls. 

10.  Benzoic  acid,  or  that  of  gum  Benjaoiia. 

11.  Camphoric  acid. 

12.  Succinic  acid,  or  that  of  amber. 

Nitrous  acid,  repeatedly  diftUled  wkh  gums,  mucu 
lages  and  fugar,  is  decompofed,  the  azote  in  part 
efcapes,  and  the  oxygen  uniting  with  the  inflammable 
matter  of  thefe  fubftances,  produces  the  acid  of  fugair. 
By  a  continuation  of  the  procefs,  however,  the  hy- 
drogen and  charcoal  of  the  mucilaginous  matters  are 
fcparited ;  the  charcoal,  combining  with  the  oxygen, 
forms  carbonic  acid  gas,  and  the  hydrogen  cither 
efcapes  in  the  date  of  inflammable  air,  or,  attrafting 
part  of  the  oxygen,  forms  water.  From  this  view  of  the 
fubjecl,  together  with  other  fads,  it  has  been  inferred^ 
that  a  greater  or  lefs  proportion  of  vital  air,  united  with 
the  other  two  general  principles  of  vegetables,  hjfdro- 
gen  and  charcoal,  produces  all  the  various  acids '.  of- 
vegetables.  Thus  tartar  is  faid  to  have  been  con- 
verted into  die  acid   of  apples,  by  treatment  with 

*  i      I 

•  Pyro  from  the  Greek  w^  (A*^  means  any  thli^  preptr«d 
or  cxtr<i£ted  by  fire.— -Enpyreomatic  has  itie  fane  etymology  ao^ 
nitanin^. 

nitrous 
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nitrous  acid.  The  acid  trf*  apples,  by  the  bontinur 
incc  of  the  operation,  becomes  converted  into  acid 
of  fi^r,  or  acid  of  forrel,  which  are  the  fame  thing. 
The  feme  procefs  fiirther  continued,  affords  vine- 
gir.  Hence  it  fhould  fcem  that  aecordir^  to  the 
greater  -  progrefe  of  the  operation  off  combuftion,  or 
ihe  combination  of  vital  air  with  die  bads,  the 
acids  of  tartar,  of  apples  or  unripe  fruit,  of  forrel 
or  fugar,  of  vinegar,  and  laftly  of  charcoal,  are  pro- 
duced* In  this  order  of  proceeding,  the  acids  be- 
come more  and  more  perfeft,  and  lefs  eafily  de- 
compofablc;  and  it  probably  proceeds  from  this 
caufe,  that  the  reverie  of  thefe  procefles  could  never 
be  completely  accomplilhcd. 

Profcflbr  Murray,  of  Gottingcn,  has  affured  us,  that 
he  has  obtained  acid  of  fugar  by  repeated  di(Hlla« 
tioos  and  congelation,  without  ufmg  nitrous  acid. 
Abbe  Fontana  obtained  an  acid  perfe6Uy  like  that 
of  fugar  fron)  all  the  gums  and  refins.  Mr.  Watt 
of  Birmingham,  when  making  feme  experiments 
relative  to  ink,  obferved  a  number  of  particles 
fioating  in  the  fluid,  which  had  the  fhape  of  cryftals 
of  the  faccharine  acid,  and  upon  examination  were 
found  to  be  really  fiich ;  and,  conducling  the  proce(5 
in  the  ufual  way  with  the  nitrous  acid,  he  found  that 
aflringent  vegetable  matters  contain  the  acid  of  fugar 
in  greater  abundance  than  that  fubftince  from  which 
it  derives  its  name. 

Theff  faline  matters  are  called  eflfenrial  falts  of  ve- 
getables. There  are  fome  others  which  are  alfo  called 
eflential  falts,  but  are  not  peculiar  to  vegetables. 
Such  as  the  fixed  vegetable  alkali,  which  may  be 
extracted  by  incineration  from  plants  in  general,  and 
the  fixed  foQil  alkali,  which  is  only  exrracted  from 
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marine  plants.  Several  neutral  falts  may  alfo  be  ex- 
traded  from  particular  vegetables :  as  vitriolated  tartar 
from  millefoi^  and  from  aftringent  and  aromatic  plantsj 
Glauber's  fait  from  tamarifk »  common  fait  and  mu- 
riat  of  pot-afh  from  marine  plants.  Many  other  fa^t^ 
will  doubtfefs  be  found,  when  a  greater  number  of 
plants  ihall  be  accurately  analyfcd. 
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OF   THE    MORE   SIMPLE   VEGETABLE 

COMPOUNDS. 


Cwiu^Gmm  Arabic d^'^Gum  Tf^^axtb^^JConmim  Ewrofiom  Gm.^-^ 
Sagmr;  •haiuedfnm  m^  FegetabUs,/'^PrQce/s  tf  maklngZugar^'^ 
Uiuma  ^Fmty  or  exfrejed  Oils.'^Cbocolate.^'FfgitahU  iVax.^^ 
Jmmlj/u  9/  Olive  OiL^Efential  OiU.-^OfCimumuM^^OfBabm^ 
Fifpenmnt     ami  Wormwood, ^^Of  La*v€ndcr.^^Of    Roju^^JOf 
Adjeed  — Of  ParJUj. — Of  Canunmlt. — Of  S^ffafras  and  Carra- 
Wf.— Cy  Nu/mig,   Pef^   and  Mmctj'-^Balfams.'^BalfaM    of 
Tdm.'^^Benx^in  and  itorax.^^CoMfbor,  Refinsj^Gum  Copa!."^ 
Caicbotu  or  eUfiU  Gum„^^FeaJa,-^BrioMy^^mPotiUoej,^^ago.''^ 
SaIip.^Fariaa  or  Fiomr,^^luten,^Starcb^     Bmcibariae  Matter 
rflFbeatj-^Bwiad. — Colouring  Matters  of  Fegetahles.'^Prineifks 
ef  the   Art   of   Dying.-^Arwotto.^^Baftard  Saffron, — Arcbih^^ 
Ixdiga, — Alkanet  Root.-^LmteoUu'^Madder.'^fFalma.^m^Alder.'-mm 
Snmach,  l^c.^^alU.'^Laktu 


THER'E  are  certain  compound  fubftances,  which 
are  formed  by  the  procefs  of  vegetation,  and 
may  be  obtained  without  the  application  of  any 
greater  heat  than  that  of  bciling  water,  or  the  adion  of 
any  other  folvcnts,  than  water  and  ardent  Ipirit* 
Thefe  fubftances  may  be  referred  to  the  following 
iieads  : — i.  Gum.  2.  Sugar.  3.  Fat  Oils.  4.  Ef- 
fential  Oils.  5.  Balfams.  6.  Camphor.  7.  Refin. 
8.  Pure  fecula  of  vegetables.  9.  Farina.  10.  Vege- 
table colouring  matters, 

I.  Gum.— Its  characters,  when  in  its  pureft  ftate, 
are  thofe  of  a  fubftance  inodorous,  infipid,  generally 
Jblidj  of  piore  or  lefs  tranfparcncy,  with  fomctimes  a 

flight 
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eight  tinge  of  colour,  generally  yellow ;  eafilyfoluble 
in  water  into  a  vifcid  liquor,  called  mucilage,  in  which 
ftate  it  originally  exifted  in  the  vegetable  -,  not  afted 
on  by  fpirit  of  wine  or  oils  j  not  volatile  in  the  heat 
of  boiling  water,  nor  fufible  in  any  heat,  butiubjed  to 
rfie  fame  changes  as  other  vegetable  matter. 

Gum,  in  its  dry  and  folid  ftate,  is  not  in  the  leaft:  afted 
on  by  oils,  but  mucilage  manifefts  a  confidera.ble  dif^ 
pclitjon  to  unite  with  them*  Gum  is  not  a  folvent  of 
jreiinous  or  balfamic  matter;  this  matter  will^how- 
jewr,  be  diflblvcd  in  water,  in  confequencc  of  being 
added  to  gum,  efpecially  by  the  afliftance  of  agitatjoiu 
Thus  oils  and  halfamw^ay  in  many  cafes  be  combined 
with  water,  and  remain  combined  with  it,  forming  a 
fnilky  (blufion,  particularly  if  the  quantity  of  gum  is 
confiderable*'  This  kind  of  combination  is  very  fre- 
quent in  plants.  There  are  many  in  which  oil  and  gum 
are  naturally  united.  The  ufeful  juice  of  die  poppy 
is  of  this  kind,  and  from  fuch  compounds  gum-refin? 
are  obtained,  by  the  evaporation  of  their  watry  parts* 
Thcfe  compounds  have  ftill  folubilit}'  in  water,  though 
the  gum  is  the  part  chiefly  diffolvedi  the  refinous  part  h 
cither  left  in  its  concrete  ftate,  or  being  merely  fuf- 
pended,  and  not  diOblved,  its  particles  are  incerpofc4 
between  thofe  of  the  gum  and  water,  and  occafion  a 
degrcQ  of  opacity.  Such  fubftanccs  alfo  in  their  folid 
ftate  as  confift  of  a  mixture  of  gum  and  rcfin  are  al- 
ways opake,  Vv'hile  the' pure  g\ims  and  pure  refins  have 
more  or  lefs  of  tranfparency. 

Gum  is  very  abundant  in  the  vegetable  kingdom  ^ 
it  is  found  in  a  great  number  of  roots ;  the  young 
Ihoots  and  young  leaves  contain  it  in  large  quantities, 
and  irs  nrcfmce  may  be  known  by  its  vifcous  and  ad- 
Jicfivc  quality,  when  thcfc  parts  are  cfufhed  between 
liv:  fingers.  Gum  is  ufually  obtained  by  wounding 
6  the 


Chap.  5.]  Gum  JraHcy  l£c.  4j 

the  bark  of  particular  trees.  It  is  obfervable,  that  iac- 
channe  fruits,  when  four  and  unripe,  are  found  to  con- 
tain gum  and  an  acid ;  ivhence  it  feems  not  uhfair  to 
conclude,  that  faccharine  matter  is  formed  of  thde  mar 
tcriak,  operated  on  by  the  proccfs  of  vegetation. 

The  moft  common  gums  arc — i.  Gum  Arabic, 
which  flews  from  the  acacia  in  Egypt  and  Arabia,  and 
25  of  the  (ame  nature  with  gum  Senegal,  which  is  fbme- 
ihncs  ibid  inftead  of  it.  2.  Gum  tragacanth,  which  is 
obtained  from  a  thorny  bu(h,  growing  in  Crete,  AGa, 
and  Greece.  3.  The  gum  which  flows  from  certain 
trees  growing  in  this  country,  particularly  apricot  and 
plum-trees.  The  eflendal  characters  of  all  theie  gums 
arc  the  fame,  but  gum  tragacanth  is  by  far  the  moil 
powerful  in  producing  a  thick  and  tenacious  mucilage 

II.  Sugar.  -^The  mixed  and  various  properdes  of 
this  fubilance,  have  rendered  chemills  very  doubtful 
CO  what  clafs  of  bodies  it  ought  to  be  referred.  By 
fome  it  has  been  called  inflanimable,  by  others  faline, 
and  by  others  it  has  been  clalTed  a:rif)ng  gummy  and 
muciiaginous  matters.  Sugar  is  foluble,  both  in  water 
and  ardent  fpirit.  It  is  more  inflammable  than  gums, 
and  has  not  been  proved  to  contain  any  fait  ready 
formed,  except  forne  fixed  alkali.  It  is  the  only  prin- 
ciple the  prefcnce  of  which  enables  fluids  to  take  on  the 
vinous  fermentation. 

Saccharine  matter  is  found  in  a  great  number  ofve- 
g;:tables  j  fuch  as  the  maple,  the  birch,  the  red  beer, 
the  parfnip,  the  grape,  farinaceous  grain,  potatoes : 
NlargrafF  indeed  extracted  it  from  mod  vegetables ; 
and  it  is  well  knovtn  that  honey  is  a  iaccharine  matter, 
collected  by  the  inftinit  oi  the  btre  from  an  infinite 
variety  of  plants,  but  princiraliy  from  flowers.  The 
aruado  facciuriftra  or  fugar-cane  contains  this  matter 

however 
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however  in  larger  quantities,  and  affords  it  more  readily^ 
than  any  other  plant.  The  ripe  canes  are  twice  crufhed 
between  iron  cylinders,  by  which  they  are  fqueezed 
confrpletely  dry,  and  fometimes  even  reduced  to  powder. 
The  cane  juice  or  melafles  is  received  in  a  kaden  bed, 
and  thence  conveyed  into  a  veffcl  called  the  receiver ; 
thence  it  runs  to  the  boiling-houfe,  where  it  is  received 
into  a  copper  pan  or  caldron,  which  is  called  a  clarifier. 
Of  thefe  there  are  generally  three,  and  their  dimenfions 
are  determined  by  the  extent  of  the  owner's  planca^ 
don.  Methods  of  quick  boiling  are  indiipeniably  ne- 
ccffary,  as  the  pureft  cane  juice  will  not  remain  twenty 
nunuces  in  the  receiver,  without  fermenting  and  be- 
coming tainted.  As  foon  as  the  dream  from  the  re-p 
ceiver  has  filled  the  boiler  or  clarifier  with  fi-elh  liquoi^ 
and  the  fire  is  lighted,  the  temper,  which  is  generally 
Briflol  white  lime  in  powder,  is  ftirred  into  ii.  This  is 
done  in  order  to  neutralize  the  fuperabundant  acid^  to 
get  rid  of  which  is  the  great  difficulty  in  making 
fugar.  As  the  force  of  die  fire  increafes,  a  fcum  is 
thrown  up,  which  proceeds  from  the  gummy  matter  of 
the  cane,  with  fome  of  the  oil,  and  fuch  matters  as  arc 
entangled  in  the  mucilage..  The  heat  is  now  fuflre];ed 
to  increafe  gradually,  till  it  approaches  to  that  of  boil- 
ing water ;  but  it  muft  by  no  means  be  fufFercd  to 
boil.  When  the  faim  begins  to  rife  into  blifters,  and 
break  into  white  froth,  which  generally  appears  in  about 
forty  minutes,  it  is  known  to  be  fufficiently  heated. 
The  fire  is  then  extinguiflied,  and,  if  eircumftances  wiU 
admit,  the  liquor  is  left  a  full  hour  undifturbcd.  The 
liquor  is  now  carefully  drawn  of,  fo  as  to  leave  the 
fcum,  and  conveyed  by  a  gutter  to  the  evaporating 
boiler  \  and  if  produced  from  good  materials,  and  weft 
managed,  it  will  appear  almoft  tranfparent.  In  this 
ycffel  it  is  faffcred  to  boil,  5ind  the  fcum  as  it  rifes  is 

continually 
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condoually  taken  oflfj  till  the  liquor  becomes  finer.fome- 
whar  thicker,  and  almoft  of  the  colour  of  Madeira 
vine.  Being  transferred  to  a  fntialler  copper,  the  boil- 
ing and  fcumming  are  continued ;  and  if  the  liquor 
is  not  fo  clear  as  might  be  cxpefkedj  lime-water  is  ad* 
dedj  which  thins  the  mixture,  fo  as  to  fuffer  the  im- 
purides  to  rile  more  readily  to  the  furface.  When,  in 
confequence  of  fuch  fcumming  and  evaporation,  the  li- 
quor is  lb  reduced  that  it  can  be  contained  in  the  third 
copper,  it  is  laded  into  it,  and  fo  on  to  the  laft  copper, 
which  is  called  the  teache.  This  arrangement  fuppolcs 
four  coppers,  befides  the  three  clarifiers. 

In  the  teache  the  liquor  undergoes  another  evapo^ 
udoDy  dll  it  is  fuppofed  to  be  boiled  enough  to  be  re« 
moved  from  the  fire. 

The  cooler  (of  which  there  are  generally  fix)  b  a 
fiiaUow  wooden  vefiel,  about  eleven  inches  deep,  (even 
icec  in  length,  and  fix)m  five  to  fix  feet  wide.   A  cooler 
of  this  kind  holds  a  hogfhead  of  fugar.     Here  the  fu- 
gar  grains,  that  is,  as  it  cools  it  runs  into  a  coarfe  irre- 
gular mafs  of  imperfeft  cryftals,  feparating  itfelf  from 
the  melailes.     From  the  cooler  it  is  taken  to  the  cur- 
ing-houfe,  where  the  mclafTes  drains  from  it.     When 
it  is  cooled  fo  chat  the  finger  may  be  plunged  into  it 
without  injury,  it  is  poured  inuo  barrels,  placed  over 
tcrtam  ciflems,  and  pierced  at  the  bottom  with  many 
holes,  imperfeftly  flopped  with  the  flalk  of  a  plantain 
kaf,  through  which  the  fyrup  drains.     In  the  fpace  of 
Arcc  weeks  the  fugar  becomes  tolerably  dry  and  fair. 
It  is  then  faid  to  be  cured,  and  the  procefs  is  finifhed. 
The  fugar  thus  obtained  is  called  mujcavadoy  and  is  the 
fsw  material  whence  the  Britifh  fugar-bakers  chiefly 
Oiakc  their  loaf  or  refined  lump.     The  juice  of  the 
fogar-cane  contains  a  fuperabundance  of  acid,  which 
prevents  the  dry  concretion.    In  order  to  get  rid  of 

thk. 


46  Clayed  Sugar.  [Book  VIIL 

this,  they  employ  lime-water,  as  the  faccharine  acid,  is 
fcparated  by  its  means  from  every  other  combination. 
The  lime  powcrfiilly  attrafting  the  acid  when  united- 
with  it,  forms  an  infoluble  fait,  which  either  falls  to 
the  bottom  qr  nnxes  with  the  fcum.  Many  perfons 
have  fuppofed  that  a  portion  of  the  lime  remains  mixed 
with  the  fugar ;  but  Bergman  aflures  us,  that  if  the 
purification  is  properly  condufted,  the  nature  of  thci 
ingredients,  the  circumftances  of  the  operatiooi  and 
finally  the  mod  accurate  analyfis,  abundantly  fhew^-that 
(here  is  not  the  fmallcd  trace  of  linhe  remainingi 
Good  fugar  dilfolves  totally  in  di^ftilled  water,  which 
could  not  poflibly  be  the  cafe  if  there  was  prefcnx  any 
lime,  either  in  a  feparate  ftate  or  united  with  the  lac* 
charine  acid,  •  . 

There  is  another  fort  of  fugar,  which  is  much  i)fed> 
and  which  in  England  pafles  by  the  name,  of  Liiboii 
fugar,  but  which  in  the  Weft  Indies  is  called  r/^^^A/ 
fugar;  the  procefs  for  making  it  is. as  follows:— A 
quantity  of  fugar  from  the  cooler  is  put  into  conical 
pots  or  pans,  with  the  point  downwards,  having  a  iiolc 
about  half  an  inch  in  diameter  at  bottom,  for  the  mc-^ 
laflts  to  drain  through,  but  which  is  at  firft  ftopped 
with  a  plug.  As  foon  as  the  fugar  in  thele.pots  is 
cool,  and  becomes  a  fixed  body,  which  is  known  by  the! 
Tiiiddle  of  the  top  filling  in,  the  plug  is  taken  t)ut,iand 
the  pot  j^laced  over  a  large  jar^  intended  to  receive  the 
fyrup  which  flows  through.  In  this  face  it  is  left  as 
long  as  the  mclaffes  continues  to  drop,  when  a  ilratutil  • 
of  moiftened  clay  is  fpread  on  the  fugar.  The  watdr 
gradually  draining  from  the  clay,  dilutes  the  melafies^ 
in  confeqv.ence  of  which  more  of  it  comes  awayi  froiil 
the  fugar,  which  becomes  whiter  and  finer.  A  fecond 
covering  of  clay  is  put  on  when  the  firft  is  dry^'and 
water  is  again  fufFercd  to  filter  through,  ^aftcrwltfch 

die 
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the  loaves  arc  carried  to  an  oven  to  dry.  At  the  end  of 
eight  or  ten  days  thefe  loaves  are  broken,  and  the 
powdered  fugar  is  conveyed  to  Europe. 

Certain  juices  which  flow  cut  of  plants  are  of  a  fac- 
charine  nature ;  fuch  is  manna,  which  is  produced  by 
the  pine,  the  5r,  the  oak,  the  maple,  the  -juniper,  the 
fig,  the  willow,  &c. ;  but  the  a(h,  the  brch,  and  the 
alhagi  afiord  it  in  the  largeft  quancicies.  Robel,  Ron- 
delet,  and  others,  have  obfervtd  at  Montpeiitrr,  upon 
the  olive  trees,  a  kiad  of  manna,  to  which  they  hare 
given  the  name  of  o^lUmeiu  Tcurncfort  coilccljd  it 
fiom  the  fame  trees  at  Aix  and  Toulon.  The  afli, 
which  is  very  abundant  in  CaLbria  and  Sicilv,  aiTcrds 
the  manna  of  commerce  :  it  flov/s  fpor.rincj'Juy  irom 
thcfe  trees,  but  is  much  more  abuncan.ly  coilecccd  by 
making  incifions  in  the  bark.  Ti;a-:  \v:/jch  is  procured  by 
introducing  chips  of  wood  or  fmali  ilicks  into  urt:f:cial 
apertures,  (brms  akindof  ualactites,  perforated  within, 
and  called  manna  in  the  tear.  Manna  in  fiakes  Hows  ' 
f:om  the  bark,  and  contains  feme  i:r.p'-r:::t-5.  i>.Ianpa 
aTOrds,  bv  treatment  wiih  the  r/icroui  :.cic:,  t^e  fa:n^ 
acid  as  h  cbtaincd  from  lugir. 

III.  Fat  Oils  are  nc:  e:rii:::d  frcm  i\v:,  iarface  of 
vegetables,  but  are  obrair.ed  by  prcfflire  from  their 
emullive  feeds  or  kernels.  Th-.v  feci  fir.octh  to  th^ 
touch,  are  gencraliy,  when  rci^nr,  without  f.r.trll  or 
tafic,  .and  are  infoluble  in  water.  They  ar::  ::ot  vola* 
tilized  but  by  a  heat  confidcrably  fuperior  tD  tbac  of 
boiling  water^  ar.d  do  not  tak^  fire  till  fufFicier::ly  heated 
to  be  volatilized.  When  they  are  burned  on  the  wick 
of  a  lamp,  fmail  portions  are  fucceffively  biought  to 
its  exrrcmiry,  and  being  there  voiarilized,  undergo  in- 
fiiramation.  Moft  fat  oils  are  fl  jid,  and  require  a  con- 
£dcfab]e  degree  of  cold  to  congeal  them  i  oJiers  be- 
come 
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come  folid  by  a  very  flight  degree  of  cold  j  and  others 
again  are  almoft  always  Iblid  :  thefe  lad  are  called  but- 
ters. Such  are  thofe  of  the  cacao- nut,  from  which 
chocolate  is  made,  add  alio  of  the  coCoa-  nut.  Vegeta- 
ble wait  is  of  the  fame  natlire,  only  more  folid.  It  b 
the  produ6lion  of  China  j  and  is  there  made  into  yel- 
low, white,  or  green  candles,  the  colour  varying  accord- 
ing to  the  manner  in  which  the  wax  is  txtrafted.  The 
catkins  of  birch  and  |)oplar  afford  a  faiall  quantity  of  a 
fimilar  wax.  M.  BerthoUet  eafily  whitens  it  with  oxy- 
gentted  muriatic  acid. 

Fat  oils  expofed  to  the  air  attract  its  bxygfcri,  flhd 
become  acid  or  rancid*  Water  and  fpirit  of  wine j  hf 
abflrading  this  acid,  deprive  them  of  their  flrofig  tafttj 
but  never  completely  reftore  them  to  their  oi'iginal 
ibice.  M.  BerthoUet  has  difcovered  that  fat  oils,  thinly 
fpread  on  the  furface  of  water,  and  expofed  to  the  aifi 
become  thick,  and  aflume  the  appearance  of  wax.  This 
appears  to  arife  from  the  abforption  of  oxygen,  as 
the  oxygenated  muriatic  acid  produces  this  change 
more  fuddenly. 

Thefe  oils  afford  by  diftillation  a  fmall  quantity  of 
water  impregnated  with  a  peculiar  acid,  a  light  oil,  % 
Jenfe  oil,  and  inflammable  and  fixed  airs.  The  qtlaA* 
lity  of  charcoal  left  behind  is  not  abundant.  By  rc-» 
diftilling  the  fii-fl:  produfts,  more  watery  and  aiioil 
which  becomes  lighter  each  time,  are  obtained*  Lac 
voificr  coHefted  the  produ6bs  of  olive-oil  burned  in 
an  apparatus  properly  conflrufted  to  afcertaih  their  na« 
ture  and  properties.  He  obtained  Icventy-ninc  parts 
of  carbon,  and  twenty -one  W  hydrogen,  from  one 
kundred  of  oil.  From  thefe  component  parts,  infer- 
ences may  be  drawn  refpefting  the  acid,  the  water^  the 
fixed  air>  and  the  inflammable  air,  afforded  by  parti^ 
decompofitions  or  combuftions  of  this  fluid*    When 

bill 
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oils  are  burned  in  pure  air^  one  of  their  component 
principles,  hydrogen,  is  combined  with  pure  air,  and 
fenns  water ;  while  charcoal,  its  other  component  part, 
combines  with  pure  air  alio,  and  forms  fixed  air* 

The  denie  animal  oils,  fuch  as  butter,  tallow,  £it» 
and  the  oil  of  the  whale,  exceedingly  refemble  vegeta* 
ble  fixed  oils.  They  appear,  however,  to  contain  a 
proportion  of  azotic  air  and  animalized  matter,  pro- 
bably m  the  ftate  of  ferum  or  jelly. 

Agitation  in  water  (eparates  a  mucilaginous  matter 
from  &t  vegetable  oils,  which  feems  to  be  the  cauie  of 
didr  becoming  rancid.  They  combine  with  pure  fixed, 
alkalies  into  ibap,  and  they  alfo  unite  with  magnefia 
and  lime»  which  form  with  them  foapy  compounds. 

IV.  Essential  Oils  are  remarkable  for  a  ftrcxig 
aromatic  fmell,  and  are  fufficiendy  volatile  to  rife  with 
die  heat  of  boiling  water.  They  are  in  general  fbluble 
ID  fpirit  of  wine,  and  their  tafle  is  very  acrid.  They  are 
much  more  inflammable  than  the  fat  oils. 

Eflential  or  volatile  oils  exift  in  mod  fragrant  vege- 
tables, and  in  various  plants  are  found  in  different  parts; 
thus  the  oil  of  cinnamon  is  found  in  the  bark  \  of  balm, 
peppermint,  and  wormv/ood,  in  the  leaves  \  of  the  rofe 
and  lavender,  in  the  flower ;  of  nutmegs,  anife,  and 
fennel,  in  the  feeds.  They  are  obtained  either  by  tn^ 
prcflion,  as  from  the  peel  of  oranges  and  lemons,  or  by 
diftillation  with  water.  For  the  latter  purpofe,  the  plant 
fi  put  into  a  copper  alembic,  with  water ;  the  water 
*>cing  made  to  boil,  comes  over  together  with  the  oil 
wto  the  receiver,  and  is  obtained  fcparate  by  decanta- 
tK)n.  Some  of  the  effential  oils  are  fluid,  as  that  of  laven- 
^f;  others  congeal  by  cold,  as  that  ofannifced;  others 
arc  always  concrete  or  folid,  as  thofe  ofrofes  and  parflcy. 
They  differ  much  with  refpedt  to  colours  :  thus,  oil  of 
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lavender  is  ydlow,  that  of  cinnamon  deep  yellow, 
that  of  piarfley  green>  that  of  camomile  blue.  Some 
.of  the  efTcntial  oils  float  in  water>  as  moft  of  the 
oils  obtained  from  plants  growing  in  temperate  cli- 
mates i  others,  as  thofe  of  faflafras  and  carraway- 
ieedsy  and  moft  of  the  oils  from  hot  countriesj  fink 
•in  that  fluid.  This  property  is  not,  however,  invari- 
able with-rcfpeft  to  climate,  as  the  eflbntial  oils  of 
nutmeg,  pepper,  and  mace,  arc  lighter  than  waten  It 
is  remarkable,  that  eflential  oils  fomciimes  entirely 
differ  in  their  properties  from  the  plant  which  affords 
•thtm;  thus,  oil  of  pepper  is  mild,  and  oil  of  worm- 
.wood  is  not  bitter* 

.  The  perfume,  or  principle  of  fee  at,  in  plants,  to 
which  Boerhaave  gave  the  name  of  Jpiritus  reSiar^ 
•feems  in  general  to  refide  in  the  eflential  oil.  It 
compofes  an  extremely  fmall  part  of  the  weight  of 
vegetables,  as  may  be  inferred  from  the  lofs  of  fra- 
grance fuftained  by  eflential  oils  with  litde  or  no 
lofs  of  weight.  It  does  not  fcem  improbable,  that 
the  perfume,  or  principle  of  fcent,  in  plants,  is  a  gas 
of  a  peculiar  nature.  Its  invifibility  and  vokitility, 
the  manner  in  which  it  is  expanded  and  difperfcd  in 
the  atmofphere,  together  with  certain  experiments 
made  by  Dr.  Inge;ihouz,  on  the  noxious  gas  af^- 
forded  by  flowers,  render  this  opinion  very  pro* 
bable. 

.  It  is  eafy  to  difcover  the  adulteration  -of  volatile 
oils,  either  by  pouring  ardent  fpirit  on  them,  which 
will  not  diflTolve  the  fat  oil  they  may  be  contaminated 
with ;  or  if  they  are  dropped  on  paper,  and  held  to 
the  fire,  the  eflTential  oil  evaporates,  leaving  the  fat  oil 
behind,  which  makes  a  greafy  fpot.  If  oil  of  tur- 
pentine is  fraudulently  added  to  them,  its  fmell  be- 
trays its  prefcnce  when  treated  in  diis  manner.     B)r 

exposure 
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rxpoibre  to  the  air  they  become  thick,  and  in  procefs 
of  time  aiTunie  the  charafter  of  refin.  Ncedle- 
Jhapcd  cryflals  are  depofited  Qmilar  to  thofe  afforded 
by  camphor  wlien  ibblimed.  Gcoffroy  the  younger 
obfcrved  them  in  the  eflential  oik  of  motherwort, 
maijorum,  and  of  turpendne.  The  fanoe  chemift  ob- 
lervcs,  that  their  fmell  is  (imilar  to  that  of  camphor. 

Eifirntial  oils  combine  very  readily  with  fulphur, 
and  form  compounds  called  baliams  of  fulphur,  in 
which  the  fulphur  is  fb  far  changed  that  it  cannot  be 
fCCOTcred. 

V.  The  proper  vegetable  BalsaMs  arc  oily  aro* 
tnanc  (iiUlances,  imperfedly  fluid,  obtained  by  inci- 
ofioiis  made  in  certain  trees.     The  word  balfam  has 
been  ufed  in  a  very  cxtenfive  fenfc,  to  denote  a  variety 
of  vegetable  fubflances,  which  agree  in  confidence, 
though  differing  very  widely  in  their  nature  and  pro- 
perties.    This  denomination,  however^  is  more  pro- 
pcrly  confined  to  fuch  refinous  matters  as  poflcfs  a 
fragrant  fmeli,  and  more  efpccially  contain  acid,  odo- 
rant,  and  concrete  falts,  which  may  be  extracted  by 
decodiion  or  fublimationj    fuch   as  benzoin,  balfam 
of  Tolu,  and  (torax. 

VI.  Camphor  is  a  peculiar  vegetable  fubftance,  of 
aftrong  fmell  and  tafle,  which  refcmble'i  efTt-nrial  oils 
w  fome  of  its  properties,  and  differs  from  them  in 
^rs.  It  is  much  more  volatile  than  the  effential  oils ; 
With  the  moft  gentle  heat  it  fublimes  and  chr)-ftalizes 
^  hexagonal  laminse  attached  to  a  middle  ftem.  By 
*  fuddcn  heat  it  melts  before  it  rifes.  Water  does 
«^ot  diflblve  it ;  but  it  is  plentifully  foluble  in  fpirits  of 
'^'He,  aether,  and  concentrated  acids,  from  the  two 
*^cr  of  which  it  is  feparated  by  the  addition  of  water 
^hout  alteration.     Fixed   and  volatile  oils  dilTolve 
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camphoF  with  the  afTiftance  of  heatj  and  depofit  cryflals 
in  the  form  of  a  beautiful  vegetation  by  cooling.  A 
pecTaiiar  acid  is  formed  by  thc^diftillation  of  nitrous 
acid  with  this  fubftance.  Camphor  has  been  obtained 
in  fmall  quantities  from  the  roots  of  zedoary,  thyme, 
rofemary,  fagge,  anemony,  and  other  vegetables,  by  ^ 
diftillation.  It  is  obfervable,  that  all  thefe  plants 
aflford  a  much  krger  quantity  of  camphor,  when  tlic 
fap  has  been  fuflfered  to  pafs  to  the  concrete  ftate 
Ijy  feveral  months  drying.  Thyme  and  peppermint^ 
flowiy  dried,  afford  much  camphor ;  and  M.  Achard 
has  cbfcrved,  that  a  fmell  of  camphor  is  difengaged 
K^hen  volatile  oil  of  fennel  is  tre'ated  with  acids.  M* 
Chaptal  conclodes,  from  thefe  and  fome  other  fatSs  of 
the  &me  kind,  that  the  bafis  of  camphor  forms  one  of 
the  conftiment  parts  of  fbme  volatile  oils,,  in  which  it 
exifts  in  the  liquid  ftate,  and  does  not  beconne  con- 
Crete,  but  by  combining  with  the  bafis  of  vital  air. 

1  he  camphor  of  commerce  is  obtained  from  a 
fpecics  of  laurel  which  grows  in  China,  Japan,  and  in 
the  iflands  of  Borneo,  Sumatra,  Ceylon,  &c.  •  The 
i  tree  which  produces  it  fometimes  contains  it  in  ib 
krgc.  a  quantity,  that  it  need  only  be  clpft,  in  order  to 
obtain  very  pure  tears  of  camphor,  of  confiderable 
fizc.  The  roots  of  this  tiee  afford  camphor  in  by  far 
die  greateft  abundance,  but  it  is  alfo  procured  from 
the  branches,  trunk  and  leaves.  The  method  of  ob- 
taining  the  camphor  is  by  diftilling  the  different  parts 
of  tlie  tree  with  water.  The  alembic  in  which  the 
operation  is  performed  is  covered  with  a  capital  or 
head  filled  with  ftraw.  On  the  application  of  a  fufficient 
heat,  the  camphor  is  fublimed  in  fmall  greyifli  gr^ins^ 
which  are  afterwards  united  into  larger  maffes.  The 
camphor  in  this  ftate  is  impure ;  it  is  purified  after 
being  brought  to  Europe,  principally  in  Holland, 
where  it  undergoes  fublimation  in  low  flat-bottomed 
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gbi(s  vefiels.  Chaptal  fays,  that  the  Dutch  -mix  an 
ounce  of  quick-lime  with  every  pound  4}f  camphor 
previous  to  diftillacion. 

VIL  Resins  are  dried  juices  of  plats,  of  the4ia» 
cure  of  cflential  oils.  Aimofl:  all  the^^icrete  juices^ 
diflinguilhed  by  the  name  of  refins,  are  foluble  in  ar-* 
dent  fpirit,  and  not  in  water,  wheceas  gums  are 
folMt  in  water,  and  not  in  fpirit.  They  ufuaUy  flow 
from  wounds  made  in  the  trunks  of  trees  purpofely  to 
obtain  them.  They  are  inflammable,  and  burn  with 
much  fmoke.  In  doled  veflels  they  do  not  xife 
wholly  by  heat,  but  are  ckcompofed.  Refins  differ 
fitnn  balfams  in  their  fmell,  which  is  lefs  agreeable, 
and  eipecially  in  their  containing.no  concrete  acid  ialt« 
The  common  refin  of  the  pine,  the  rcfin  of  the  fir, 
pitch,  tar,  and  turpentine,  are  perfect  refins,  and  are 
ii^ble  in  ilpyit  of  wine.  Copal>  and  the  elaftic  lub« 
fiance  called  caauicbouc,  which  is  the  infpiflated  juice 
of  an  African  tree,  are  ufually  but  improperly  reckon- 
ed among  refinous  fubftances  ;  though  ndthcr  fpirit 
of  wine  Jior  water  diflfolves  them.  They  are  foluble, 
liowever,  in  oils,  by  the  afliftance  of  heat,  and  have 
been  thought  to  be  of  the  nanire  of  fat  oils,  though 
they  diflfcr  in  many  remarkable  properties. 

The  juices  called  gum-refins,  or  the  njixtures  of 
gum  and  refin,  are  not  completely  foluble  either  in 
water  or  fpirit  of  wine.  Both  thefe  menftrua,  how- 
ever, by  difTolving  one  of  the  component  parts, 
fufpend  a  portion  of  the  other^  from  their  intimaie 
union. 

VIII.  Pure  Fecvla  of  Vegetables. — If  the  fub- 
Aance  of  a  vegetable  is  reduced  to  a  pulp  by  pound- 
ing, this   pulp    by  fbong  prefTure  affords  a  turbid 

E  3  white 


54  Fectila  ^  Vegetables.         [Book  VIII^ 

white  or  coloured  fluid,  which  by  (landing  depofits 
a  fubftancc  more  or  Icfs  fibrous  or  pulverulent,  accord* 
ing  to  the  nature  of  the  vegetable  fubflance  froni 
which  it  was  obtained.     This  is  called  the  fecula  of 
vegetables,  and   confif^s    almbft  entirely  of  ftarch. 
Some  parts  ^p  vegetables    appear  to  be  altogether 
compofed  of  this  matter ;  iuch  as  the  fe^s  of  the 
gramineous  and  leguminous  plants,  tuberous  rootSj^ 
&c.  Thefe  parts  in  general  afford  the  fined  apd  moft 
abur\dant  fecula.     The  ftems  and  leaves  of  v^etablcs 
Afford  only  a  coarfe  filamentous  depofit^on,  but  if  this 
is  powdered  and  waflied,  the  water  carries  off  a  fine 
iecula,  perfefftly  fimilar  to  that  afforded  by  grain.    All 
vegetables  therefore,  and  all  the  parts  of  them,  afibrd 
more  or  Icfs  of  this  matter ;  the  only  difference  is, 
tliat  in  fome  ptirts  it  is  narjrally  difengaged  from  other 
fubflances,  in  others  it  is  in  fuch  a  (late,  that  it  muft 
be  feparated  by  a  laborious  procefs.     The  fecula  of 
fomr  vegetables  is  feparated  as  an  article  of  food  :  as 
frvjm  the  root  of  briony,  from  potatotes,  from  the  root 
of  a  very  acrid  plant  called  manioc,  from  the  pith  of 
a  kiiul  of  palm  which  grows  in  the  Moluccas,  which 
aflbnls  the  fecula  called  figo ;   and  from  the  root  pf 
a  Q^ccics  of  orchis,  wliich  .iiFordb  lalep. 

IX.  Farina. — Flour,  or  the  pulverizv:.!  fubftance 
of  farinaceous  fccvl?,  has  a  ftrv^ni:  analoLTV  wi:h  the 
i;ummv  and  laccharinc  mi:cilace5.  Farinaceous  feeds^ 
if  kept  in  a  moderate  temperature,  r.nd  fuppHed  with 
r.  jitUiie,  arc,  by  tl.e  ir.cipient  prcceh?  of  vegetation, 
cos^.vcruvl  in  a  gre/.t  n\^.uvre  into  iaccharir.c  mucilages, 
as  happrr^^  in  making  ma!:.  Whe.n-f.our  is  the  moft 
pcifcor  iirina  with  >vhich  we  arc  acq-iainxd,  and  \ 
ihoU  dicrxSorc  conri:;e  my  deic::p::cn  :o  it  5  though  ic 
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iTiufl  be  coofefled  that  this  dcfcription  will  not  apply 
in  all  rcfpcSs  to  the  more  imperfeft  fpecies  of  farinai 

If  a  handful  of  wheat-Hour  is  taken  and  kneaded  in 
a  veffcl  of  water,  underneath  a  ft  ream  from  a  cockj- 
che  water  carries  off  a  fine  white  powder^  and  the* 
kneading  muft  be  continued  till  the  water  pafles  off 
dear.  The  flour  is  then  found  to  be  feparated  into  three 
fubftancesi  a  greyiih  and  elaftic  matter  remaining 
in  the  hand^  which  is  called  xhe  glutinous  or  vegeto«< 
anioial  part ;  a  white  powder  depofited  by  the  water» 
whkfa  is  the  fecula  or  ftarch  \  and  a  fubftance  hekl  in 
ibhition  by  the  water,  which  is  of  a  faccharine  mucila* 
ginous  nature. 

The  glutinous  matter  exifted  before  in  the  flour  m  a 
pulverized  form,  and  acquires  its  tenacity  by  imbibing 
a  portion  of  the  fluid,  but  is  totally  infoluble  in  ic  It 
has  fcarcely  any  tafl:e,  is  elaftic,  dufkile,  and  of  a- 
whirilh  grey  colour.  When  drawn  out,  it  extends  to 
the  length  of  about  twenty  times  its  diameter  before  it 
breaks,  and  appears  as  if  compofed  of  fibres  placed 
befide  each  other,  according  to  the  direftion  in  which 
ii  has  been  drawn.  If  the  force  ceafes,  it  recovers  its 
original  form  by  its  elafticity.  When  dry  it  is  iemi-^ 
tranfparent,  and  reiembies  glue  in  its  colour  and  ap* 
pearance.  If  it  is  drawn  out  thin  when  firft  obtained^ 
it  may  be  dried  by  expofurc  to  the  air,  and  in  that  ftate 
has  a  poliftied  furface,  refembling  that  of  animal 
membranes.  If  it  is  expofed  to  wamich  and  moif- 
tupe-  while  wer,  it  putrefies  like  an  animal  fubftance* 
If  this  gluten  in  its  dried  ftate  is  placed  on  burning 
coak,  cr  held  in  the  flame  of  a/ candle,  it  exhibits  the 
characters  of  an  animal  fubftance  \  it  crackles,  fwells 
snd  burns,  exactly  like  .1  feather  or  piece  of  horn.  By 
diiiillation  it  affords,  like  animal  fubft^n4ies,  alkaline 
water;  ccncrete  volatile  alkali,  and  aft  empyrqurajtic 
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oil.     Its  coal  is  very  difficuldy  incinerated^  aud  does 
not  afford  fixed  alkali. 

From  thefe  fafts  it  follows^  that  this  fubflance  is  to*' 
tally  different  fronn  all  the  others  known  to  exift  in 
vegetables,  and  in  many  of  its  characters  refembles  the 
fibrous  part  of  the  blood.  It  is  to  this  gluten  that 
wheat- flour  owes  its  property  of  forming  a  very  adhe- 
five  pafte  with  water.  This  gluten  does  not  appear  to 
^xift  in  any  conliderable  quantity  in  other  farinaceous 
fubffances,  as  rye,  barley,  buck-wheat,  rice,  &c.  M^ 
Berthollet  thinks  that  this  glutinous  fubftance  contains 
phofphoric  fait,  like  animal  matters,  and  that  this  is 
the  reafon  of  the  difficulty  with  which  it  is  incinerated* 
Rouelle  the  younger  found  a  glutinous  fubftance  in 
the  fccula  of  plants,  analogous  to  that  of  wheat. 

The  powder  which  I  remarked,  as  being  feparated  ' 
from  the  farina,  and  which,  being  only  fulpendcd 
and  not  diflblved  in  the  water,  falls  to  the  bottom  by 
reft,  is  the  amylaceous  fecula  or  ftarch,  which  indeed 
compofes  the  greater  part  of  the  flqiir.  This  fub- 
ftance is  very  fine  and  foft  to  the  touch ;  its  tafte  is 
fcarccly  fenfible.  When  firft  extradled  by  the  proccf^ 
which  has  been  defcribcd,  irs  colour  is  greyifh ;  but  the 
ftarch-makers  render  it  extrennely  white,  by  fuffering  it 
to  remain  in  the  water  for  a  time,  after  it  has  become  acid. 
Starch  feems  nearly  allied  to  mucilaginous  matters^ 
and  is  totally  different  from  the  glutinous  fubftance  laft 
defcribcd.  Its  l:abitude$  and  produdls  with  the  fire,  or 
with  nitrous  acid,  are  nearly  the  fame  as  thofe  of  gunri 
and  of  fugar;  hut  it  differs  from  thefe  fubftanQes  ia 
being  fcarcely,  if  at  all,  aftcJ  on  by  ?old  water,  though 
with  hot  water  it  forms  a  gelatinous  fluid.  It  feems  tq 
be  more  remote  from  the  feline  ftate  than  gum,  as 
gum  is  mere  remote  from  it  than  fugar.  Starch  burn^ 
withour  emitting  4n  eippyrcumatic  fmcU,    By  diftil- 
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latioa  with  a  naked  fire,  it  afibrds  an  acid  water  of  a 
brown  colour,  and  a  very  thick  oil  towards  the  end  of 
the  procefs.  Its  coal  is  ealily  reduced  to  afhes,  which 
contain  fixed  alkali. 

The  fiitrftance  which  was  mentioned  as  being  diA 
Jblved  in  the  ^^ater  in  which  flour  is  waflicd,  does  not 
cflentially  difier  from  other  faccharine  mucilages.  By 
evaporating  the  water  in  which  it  is  contained,  M. 
PouUeder  obtained  a  vifcous,  gludnous  fubftance,  of 
a  brownilh  yellow  colour,  and  (lightly  faccharine  taflr. 
This  fubftance,  called  by  its  difcoverer  the  mucofo- 
laccharine  matter,  exhibited  all  the  phenomena  of 
jiigar  in  its  combuftion  and  diftillation.  It  is  thb  which 
excites  the  acid  fermentadon  in  the  water  which  floats 
above  ftarch  s  for,  as  Macquer  well  obfc^es,  the  latter 
is  not  at  all  ((duble  in  cold  water.  The  mucofb-{ac- 
cfaarine  matter  exifts  in  a  very  finall  proportion  in 
wheat-flour.  M.  Fourcroy,  however,  is  of  opmion, 
notwithftanding  the  fmall  quandty  of  it,  that  it  is  the 
part  principally  concerned  in  the  fermentation  by  which 
bread  is  leavened. 

With  refpeft  to  what  is  the  nutrimcntal  part  of  flour, 
all  the  fubftances  into  which  it  is  refolvcd,  by  wafliing 
it  in  water,  fcem  well  adapted  to  this  purpofej  but  as 
the  amvlaceous  matter  is  the  moft  abundant,  fo  it  is 
probably  the  moft  important  ingredient.  The  amyla- 
ceous  matter  in  wheat  is  to  the  glutinous  in  the  pro- 
porrion  of  about  three  to  two. 

Bread  is  the  farina  of  grain,  made  into  a  pafte  with 
water,  and  baked.  Unleavened  bread,  or  bifcuit,  keeps 
longeft  without  Ipoiling,  and  is  therefore  ufed  at  fea, 
where  baking  would  be  extremely  inconvenient.  Bread 
ufed  on  (hore  is  in  general  leavened,  and  for  this  pur- 
pofe  a  quantity  of  yeaft  is  added  to  it,  while  in  the 
ftateofdoughj  in  confequence  of  this,  and  of  being 
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ftcpt  in  a  warm  temperature,  it  undergoes  fermenta- 
tion, .itccnded  with  the  extrication  of  air,  by  which 
the  particles  are  feparated  from  each  other,  and  the 
tviz^iy  fwells  and  becomes  more  porous.  This  diftcn^ 
fion  is  ftill  further  incrcafcd  by  the  rarefaftion  ^  the 
air  in  baking,  and  thus  is  formed  a  fubftancc  much 
more  niifcible  with  water  than  dough,  and  upon  thi$ 
latter  property  fcems  to  depend  its  greater  wholefomc- 
ncfs,  as  being  more  digefcible, 

9.  Colouring  Matters  of  Vegetables,  On  a 
knowledge  of  the  colouring  matters  of  vegetables,  dc- 
j)ends  the  art  of  dying,  which  confifts  in  extra6lN;g 
from  various  fubdances  colouring  pardcles,  and  apply-r 
ing  them  to  ftuflfs  and  other  matters  intended  to  be 
dyed,  fo  tliat  they  fliall  adhere  as  firmly  and  durably 
as  poflible.  Dyers  enumerate  five  colours,  whicl^ 
ihey  call  primary,  from  the  mixture  of  which  othcf 
colours  are  produced :  thefe  arc  blue,  red,  yellow,  nut- 
colour,  and  black.  Good  dyes  arc  thofe  which  can 
rcfift  the  aftion  of  water,  air,  and  of  certain  faline  and 
laponaceous  liquors,  which  arc  ufed  as  the  proofs  of 
the  durability  of  colours.  Falfc  dyes  are  thofe  which 
cannot  refill  thefe  proofs, 

A  great  number  of  vegetable  colouring  irifitters, 
which  are  of  an  extradive  or  ftponaccous  nature,  afc 
readily  diflblved  in  water.  T  he  colouring  principle 
pf  many  other  fubfiances  refides  in  a  purely  refipous 
matter,  infoluble  in  water,  and  in  fome  inftances  at- 
tached  to  matters  infoluble,  even  in  fpirit  of  wine  \  but 
they  are  all  aded  on  by  alkalies,  which  convert  them 
into  a  kind  of  foaps,  mifcible  with  water.  The  pjin- 
cipal  colours  of  this  nature  are  the  annotto,  a  kind  of 
fecula,  obtained  by  maceration  of  th;:  feeds  of  the  j^irucu 
putrefied  in  ^atcr,  ^nd  which  dyc$  an  orange  yellow 
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colour;  the  flower  of  cardiamus  or  baftard  faflpron^ 
which  ^fiords  a  very  fine  red ;  archil^  which  is  a  pafle 
prepared  widi  mofles^  macerated  in  urine  with  lime, 
and  which  dyes  red«  The  colour  of  indigo  alfo  refides 
b  a  refinous  matter. 

Certain  colouring  fubftances  are  fbiuble  iq  oils.  Al* 
kancty  or  the  red  root  of  a  kind  of  burglofs,  is  of  thit 
kind,  but  cannot  be  ufed  in  dying. 

We  may  cafily  conceive  that  a  coloured  decodion 
may  ftain  any  fluff  which  is  dipped  into  it,  and  that  this 
colouring  matter  may  be  again  abftra£ted  by  the  applica- 
don  of  the  fame  menflruum  as  it  was  originally  fufpended 
10.  But  the  a&ion  of  thofe  dyes,  which,  although  once 
diflblved  and  fufpended  in  water^  cannot  again,  after  they 
are  applied  to  ftuffs,  be  wafhed  out,  is  not  fo  eafily  under- 
ftood*  Thefe  latter,  or  durable  dyes,  alone  delervc  atten<- 
tioD,  Dyes  of  dtflTcrent  colours  require  different  treat- 
pient.  Stuffs  to  be  dyed  of  a  red  or  yellow  colour  muft 
be  boiled  in  water,  with  alum  or  fixed  alkali,  before  they 
are  dipped  into  the  dying  decoftions  :  the  red  colour- 
ing materials  are  kcrmes,  cochineal,  gum-lac,  and  mad- 
der ;  the  yellow  materials  are  luteola  or  dyers  weed^ 
and  other  yellow  flowers.  The  ftuffs  for  bhie  dyes  re- 
quire no  previous  preparation.  Thefe  blue  dyes  are 
madeof  indigo,  or  the  blue  fecuh  obcr.ncd  from  woad, 
diffolved  in  a  Kxivium  of  fixed  alkali,  or  in  uri.ie,  with 
or  without  the  addition  of  fome  green  vitriol.  The 
ftuflfe  intended  to  receive  a  root  colour,  reqwire  no  pre- 
vious preparadon,  but  to  be  foakcd  in  warm  water. 
Theie  dyes  are  chiefly  decoctions  of  walnut- Ihells,  wal- 
nut-roots, alder-bark,  fumach,  and  faunders.  Thefe 
root  colours,  which  are  all  yellow,  ferve  to  form  a  very 
good  ground,  on  which  other  more  brilliant  colours 
may  be  applied,  and  to  them  no  faline  or  other  matter 
is  added.  The  black  dyes,  which  are  inks  or  deco&ions 
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of  galls,  mixed  with  green  vitriol^  require  no  previous 
preparation  of  the  fluff. 

It  is  obfervable  that  wool  takes  the  dye  better  than 
filk,  filk  than  cotton,  and  coxxon  than  flax.  Writers 
on  the  art  of  dying  hold  different  opinions  refpedt- 
ing  the  manner  in  which  colouring  particles  apply  them- 
ftlves  to  the  fubflances  expofcd  to  their  conuft.  Many 
have  fuppofed  that  this  application  takes  place  only  in 
proportion  to  the  number  and  magnitude  of  the  pores 
in  the  various  fubflances.  Macquer,  who  has  paid 
g;reat  attention  to  this  fubjefl,  fuppofes  that  the  greater 
or  lefs^facility  with  which  the  colour  is  applied,  de- 
pends on  the  refpe£tive  nature  of  the  colouring  parts, 
and  the  fubflances  propofed  to  be  dyed :  and  that  dying 
is  truly  an  external  tinge  or  painting,  which  fucceeds 
^nd  lafls  by  virtue  of  an  affinity  and  intimate  union 
between  the  colour  and  the  dyed  fubflance.  This 
iervcs  to  explain  the  ufe  of  the  matters,  which  it  is  on 
niany  occafions  neceflary  that  the  fluffs  fhould  imbibe, 
previous  to  immerfing  them  in  the  dying  fubftance. 
The  fame  thing  may  be  illuflrated  by  confidering  the 
procefs  employed  in  the  preparation  of  certain  colours 
called  lakes.  Vegetable  colouring  matters  are  diflblved^ 
and  then  precipitated  by  the  addidon  of  fome  other  fub^ 
dance.  Thus,  for  example,  if  madder  is  boiled  in  wa- 
ter, together  with  an  alkalr,  and  alum  is  then  added^ 
the  earth  of  the  alum  will  be  precipitated,  togedier 
with  the  colouring  matter,  with  which  it  will  form  an 
infoluble  pigment.  A  double  decompofirion  here  takes 
place,  the  vitriolic  acid  quits  the  earth  of  alum  to  unite 
with  the  fixed  alkali,  and  the  vegetable  matter  unites 
kfelf  with  the  earth. 
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Chap.    VI. 


FERMENTATION. 


fireg  Kinds  of  fermentatum.'^^bi  *vi turns  dr  fpiritucus, ^Spirit  o^^ 
Wine  #r  AUsbd.'^-^Etbtr.r^^ Acetous  Fermentmifm^^-^Putrid  Fermen' 
tatiem.'^^h/eruaticnj  em  FuxrefoQion  in  generoL 

HAVING  confidcred  the  ftrufture  and  compo* 
fition  of  vegetable  fubftances,  it  becomes  ne- 
oeflary  to  direft  our  attention  to  certain  fpontaneous 
changes  which  they  undergo,  when  deprived  of  the  vi- 
tal principle.     Thefe  changes  are  called  fermentations, 
which  arc  three  in  number,  and  are  termed,  from  their 
produfts,  the  vinous  or  fpirituous,  the  acetous,  and  the 
putrid.     The  circumdances  univerfally  neceflary  to  fer- 
mentation are  moifture,  a  certain  degree  of  heat,  and 
checontaftof  air.     The  three  kinds  of  fermentation 
are  fometimes  confidcred  as  different  flages  of  one  pro- 
cefs  i   this,  however,  is  an  improper  view  of  the  fubjeft, 
as  each  kind  of  fermentation  is  a  peculiar  procefs,  and 
totally  different  from  ever)'  other.     Some  bodies  be- 
come acid  without  having  undergone  the  fpiricuous  fer- 
mentation, and  others  putrify  without  fhewing  any  dif- 
pofidon  to  affume  either  that  or  the  acetous  ftate. 

The  conditions  necelTary  for  the  produftion  of  the 
Vinous  or  fpirituous  fermentation  are — i.  A  degree 
of  fluidity  flightly  vifcid. — 2.  The  prefence  of  faccha- 
fine  mucilage.  It  is  found  that  the  fermentable  juices 
of  fruits,  boiled  till  they  become  thick,  are  indifpofed 
to  ferment,  and  this  not  only  in  their  infpiflated  ftate, 
but  when  diluted  again  with  water  :  for  this  reafon  it 
is,  that  in  the  making  of  fugar  nothing  is  of  more  im* 
portancc  than  the  juice  of  the  cane  being  fubmitted  to 

boiling 
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boiling  immediately  on  being  exprefled.  Prefcrvcs^ 
and  other  mixtures  prone  to  fermentation,  are  pre- 
vented from  that  proccls  by  the  fame  method. — 3.  A 
proper  temperature,  which  varies  from  forty-eight  to 
eighty  of  Fahrenheit's  thermometer.  If  below  this> 
the  fermentation  is  languid ;  if  above  it,  it  is  impetu- 
ous, and  is  apt  to  rufh  into  the  acetous  ftdte  even  be- 
fore the  vinous.  — 4.  The  addition  of  a  quantity  of  the 
fubftance  called  yeaft,  which  is  itfelf  the  produft  of  die 
vinous  fermentation,  is  of  great  affiftancc  in  excidng  it. 
By  what  power  yeaft  afts  in  producing  the  vinous  fer- 
mentation, has  been  much  di(puted«  Mr.  Henry 
thinks  that  yeaft  is  ne  other  than  fixed  air  already 
formed,  but  enveloped  or  entangled  in  the  mucila- 
ginous matter  of  the  liquor  from  which  it  was  obtained; 
and  the  fame  ingenious  experimcntalift  wjls  able  to 
bring  on  the  vinous  fermentation,  by  adding  to  com- 
mon wort  a  quantity  of  fixed  air  in  the  elaftic  form: 
To  account  for  this,  it  is  not  difficult  to  fuppole  that 
fixed  air  has  an  attraftion  for  its  own  conftituent  prin- 
ciples, when  placed  in  favourable  circumftances  to  aft 
upon  them ;  .and  that  it  will  thus  occafion  the  fcpara- 
tion  of  fixed  air  from  the  fermentable  liquor,  which 
is  fo  remarkable  during  ferlnentation. 

The  phenomena  which  prefent  themfelves  in  a  li- 
quor during  the  fpirituous  fermentation  are — Firftj 
A  muddinefs,  from  the  fcparation  of  an  aerial  mattcrj 
which  rifes  in  bubbles  to  the  top  in  fuch  quantity^ 
and  in  fuch  quick  fucceffion,  as  to  produce  a  hiding 
noife,  and  form  a  froth.  Thefe  roinute  globules  of 
air  occafion  the  motion  of  the  particles  of  the  fluid' 
among  one  another ;  and  this  motion  is  perceptible, 
even  before  the  air  is  vifibly  feparated.  The  globules 
of  air  attach  themfelves  to  the  particles  of  the  mix- 
ture, and  buoy  them  up }  at  length  the  globule  is 

detached. 
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detached^  and  die  atom  finks  by  itt  own  weight* 
The  nature  of  the  air  which  is  diiengaged  was  not 
•underftood  till  the  modern  experiments  on  aeriform 
fluids  afforded  fo  much  affiftance  to  chemical  fcience. 
It  b  now  afcertained  to  be   the  carbonic  acid  g.*s,  or 
fixed  air,  which,  being  heavier  than  atm.olpheric  air, 
forms   a  ftratum  in  the  upper  part  of  the  veflcl  in 
which  the  fluid  is  fermenting,  where  it  may  be  per- 
ceived firom  its  greater  denfity.     This  air,  contained 
in  the  fermenting  vats  of  brewhoufes,  frequently  pro- 
duces the  moft  fatal  effects  on  the  workmen  ;  and  a 
candle  dipped  into  it  is  as  ccruinly  extinguifhed  as  if 
plunged  into  water.     During  t^^e  time  that  the  fer- 
mentation is  going   on,  the   bulk  of  the   liquid  is 
augmented.     Another  phenomenon  is  the  production 
of  a  gentle  heat,  equal  to  about  feventy- two  degrees 
of  Fahrenheit's  thermometer.     After  fomc  days,  the 
number  of  which  varies  according  to  the  dilution 
of  the  fubftance  and  the  degree  of  heat,   the  motion 
in  the  fluid  diminiflics,  the  warmth  abates,  and   the 
cmiiTion  of  air  is  leflened  ;  tiie  liquor  becomes  clear, 
and  the  fcum,  which   confiis  of  the   more  foHd  par- 
ticl^.'^  and  air,  becomes   luT.vier  in  proportion  as  the 
air  efcapes,  and  at  lr.il:  fiiiks.     The  liquor  has  now 
undergone  a  great  change  ;  it  has  acquired  a  pungent 
and  pleafant  tafte  and  fmell,  and  an  inebriating  quality, 
and  has  loft  its  fweetncfs.     If  the  liquor  is  now  dif- 
tilled,    inftead  of  an  infipid  matter,  we  obtain  an  ar- 
dent fpirit,  and  a  four,  grofs  rluid  remains  behind  *. 

By 

•  Ths  phenomena  of  ftirmcn cation  have  long  been  known  ;  but 
i:  remained  for  Lavoiucr  to  afccrtnin  with  accuracy  \vh?.t happens 
in  that  proccis.  I  Ihall  therefore  extr.^.cl  his  experiments  and  con- 
clufions,  as  flared  by  himfcJf,  in  his  EIjai:nt5  of  Chcmi.lry. 
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By  the  experiments  of  Lavoifief,  it  appe,ai^  that 
ardent  ipiric  (alcohol)  or  the  produdt  of  the  vinous  &r« 

mentatioQ 

Table  I.    Maimals  of  Ftrmentatiott. 

lih*.    OK,  groj  ghi 

Water            -                  -  *  400    000 

Sugar                *            -                «  -  100    060 

Yead  in  pafte,  10 /i^/.  C  Water  «       *-  7     3     ^  44 

compofedof           ( Dry  yeail  -  2  12     i  '28 

Total    •    510    o    00. 

Tabbe  II.     Confliiiunt  EUtnenfs  of  the  Materials  of  Fermentatimt. 

libsm  oz^gns   grs* 
iflrj  libs^  3  •«.  6  gros  44  grs.  C  Hydrogen  61     i     2     7 1.  ao 

of  water,  compofed  of  |  Oxygen  346    2     3     44^0 

fHydrogcA  8000 

1 00  His.  fugar,  compofed  of  <  Oxygen  64    o    o    o 

^Charcoal  28     o    o    o 

r  Hydrogen  045     9.30 

2  lih.  12  ez.  I  gros  28^rj.ofl  Oxygen  I   10    2  28.76 

dry  yeaft,  compofed  ofj  Charcoal  o  12    4  59 

^  Azote  005  2.94 


Total  weight        -      510    o    o    o 

Table  III.     Recapitulation  of  theft  EUmenU. 

libs*    oz»gros  grs. 

^  Tof  the  water    340    000         '^ 
g  1  of  the  water  I  liis»  oz,grot    grs. 

^J     intheyeaft       623     44.60^411   12    6     1.36 
^  i  of  the  fugar        64    6    o    o 
^^ofthedry  yeaft     i   10     2     28.76 

^  fof  the  water      60    o    o    o 

fl  of  the  water 
J     intheyeaft       i     f     2     71.40^69    6    o    8.70 
>s  Jofthefugar  8000 

W  (^ofthedry  yeaft    045     9.30 

irz  J  of  the  fugar       28     000  /      o*- 

g§|oftheyelft         012    4    59-00  J  *«  '»    ♦    W"" 

Azote  of  the  yeail  -  -  005       2.94 

In  all    •    510    o    o      o 

«  Having 
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inendtionj  confifts  of  the  (amc  principles  as  fugar^  ex- 
cept that  they  are  combined  in  different  proportions. 
Ardent  fpirit  contains  more  hydrogen,  and  kfi  car- 
bon and  oxygen ;  v^hich  latter  principles  compofe  the 
carbonic  acid  gas  which  elcapes  during  the  fpirituous 
fermentation.  M.  Lavoifier  found  that  when  ardent 
^irit  is  burned  in  a  chimney  adapted  to  receive  the 
vapours,  a  larger  quantity  of  water  is  formed  than  the 
whole  of  the  fpirit  employed  amounts  to ;  whence  it 
fbUowSy  that  ardent  fpirit  contains  a  large  proportion 

of 

*  Having  thus  accurately  determined  the  nature  and  quantity  of 
tbe  conllicueRt  elements  of  the  materials  fubmitted  to  fermenta- 
tion, we  have  (adds  M.  L.)  next  to  examine  the  produ^b  refolt- 
iag  from  chat  procs fs.  For  this  purpofe,  I  placed  the  above 
510  liSs.  of  fermentable  liquor  in  a  proper  apparatus,  by  mean* 
of  u'hich  I  could  accurately  determine  the  quantity  and  quality  of 
gu  difcngaged  duiing  the  fermentation,  and  could  even  weigh 
tvcrr  one  of  the  produds  feparately*  at  any  period  of  theprocefs 
t  judged  proper.  An  hour  or  two  after  the  fnbftances  are  mixed 
together,  efpecially  if  they  are  kept  in  a  temperature  of  from 

15'  {Sy.ys*)  ^o  *8**  (z^'S*)  o^  '^c  thermometer,  the  firft  marks 

of  fermentation  commence ;  the  liquor  turns  thick  and  frothy, 

little  globules  of  air  arc  difengaged,  which  rife  and  buril  at  the 

forface ;  the  quantity    of  thefe  globules  quickly   increases,   and 

there  is  a  rapid  and  abundant  produ6lion  of  very  pure  carbonic 

icid,  accompanied  with  a  fcum,  which  is  the  yeaft  feparatlng  from 

,  the  mixture.     After  fome  days,  lefs  or  more,  according  to  the 

degree  of  heat,  the  intedinc  motion  and  difcngageroent  of  gas  di- 

miciih  ;  but  thefe  do  not  ceafe  entirely,  nor  is  the  fermentation 

completed  for  a  coiifiderable  time.     During  the  procefs,  35  Jjifj, 

{  0£.  ^grGi.  iggrs.  of  dry  carbonic  acid  are  difengagtd,  which 

carry  along  with  them  13  li^s,  i\cz,  5  gros.  of  water.   There  re- 

nains  in  the  veflel  460  UBs.  1 1  ^s:.  6  grou  53  grs.  of  vinous  liquor* 

ITightly  aciduk)us.    Tbis  is  at  firft  muddy,  but  clears  of  itfelf,  and 

depolxts  a  portion  of  yead.     When  we  feparately  analyfe  all  diefe 

fubfLances,  which  is  effedled  by  very  troublefome  procefTes,  we  have 

the  refults  as  given  in  the  following  ubles. 

Vol.  Ill-  F  Table 
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of  hydrogen^  which  forms  water,  by  combming  with 
the  vital  air  of  the  atmofphere  during  combuflioo. 
That  it  alio  contains  a  proportion  of  carbon,  has  been 
proved  by  M.  BerthoUet,  who  found  that  when  a  mix- 
ture of  ardent  fpirit  and  water  is  burned,  the  relidual 
fluid  precipitates  lime  water,  which  mufl  proceed  from 
its  containing  fbme   carbonic  acid.     Spirit  of  wine 

'  alliimcs 


Table  IV.    Prnduas of  Ftrmeniatiw. 


l^  hhs*  5  ex,  \gros 
grs,  of  carbonic 
compofed 


4jrrw.,or 
K)nic  acid,  < 
of  I 


Oxygen 
Charcoal 


408 /i*/.  '$  7- 5  ^^.5  Oxygen 


57  lihs.  1 1  e«.  1  gros. 
58  ^ri.  of  dry  alko- 
kol,  oompoiiMi  of 


'Oxygen,  combined 
with  hydrogen  • 
Hydrogen,  combin- 
ed with  oxyeen 
Hydrogen*  combin- 
ed with  charcoal 
L  Charcoal,  combined 
with  hydrogen   - 


zLhs.  8  ex.  o£  dry  r  Hydrogen 
acetous  acid,  com-  <  Oxygen 
pofed  of  (  Charcoal 

4  Hhs.  I  0Z.  \gros.  3  C  Hydrogen 
grs.  of  refiduam  of  <  Oxygen 
fagar,  compofed  of  ^  Charcoal    • 

I  bb.  6  «.  o/«'- S  j  Sx^f "    -  * 

f«.  of  dry  yeaft,^  Chireoil      . 
compofed  of  ^^ 


25    7     «  S* 
9  H    *  57 


347  «o    o  59 
61     5    4  27 


31    6    1  6f 

5    «    5    S 
4050 

16  II     5  63 


0  2 

1  II 

o  10 


o 

2 
I 


5 

9 

2 


o    6 
o    o 


4  o 
4  o 
o    a 

7  «7 
2  53 


o    2    2  41 
o  13     I.  14 


2   30 

*  37 


^10  lihf. 


Total    -    510    o    o    • 
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tffiimes  the  form  of  an  elaftic  fluid  at  the  temperature 
of  185  degrees. 

Spirit 

Table  V.     ktcapiltdatkm  tf  ibt  Pr§Jm3^ 

rWatcr 

/•I       ^        -.  i_     I  Carbonic  acid    * 

54  r-/-  ^^.  «Y^^"'  1  Acetous  acid 

LYcaft 

r  Carbofiic  acid 
18  liht,  IX  fs.  5  ^Qs,  \  Alkohol 
59 /r/.  of  charcoal,<  Acetous  acid 
contained  in  the       J  Refidaamof  fagar 

CVcail  * 

rWatcr 

I  Water  of  the  alkohol  - 
;i  Uhs.  8  9z.  Bgros.  66  I  Combined   vkith  the 
in.   of    hydrogenx    charcoal  of  the  alko. 
contauncd  in  the       1  Acetoas  acid 

I  Refiduom  of  fagar     • 
LYeaft 
2  grcs,  37  grs^  of  azote  in  the  yeaft 

5ic/ri/«  Total     -     510    o    o    o 

'  In  thefe  refults,  I  have  been  exaft,  even  to  grains  ;  not  that  it 
is  poffible,  in  experiments  of  this  nature*  to  carry  our  accuracy  fo 
f^r;  bat  as  the  experiment5  were  made  dnly  with  a  feur  pounds  of 
fagar,  and  as,  for  the  fake  of  comparifon,  I  redaced  the  refults  of 
tie  aAual  experiments  to  the  quintal  or  imaginary  hundred  pounds ; 
I  thought  it  neceflary  to  leave  the  fra^ional  parts  precifely  as 
prodoced  by  calculation. 

'  Wnen  we  confider  the  refults  prefented  by  thefe  tables  with 
ittentioD,  it  13  eafy  to  difcover  exadly  what  occurs  during  fer* 
oCntation.  tn  the  fird  place,  out  of  the  100  liht.  of  fugar  em- 
ployed, 4  libs.  I  cz.  4  ir9s.  3  grs,  remain,  without  having  fuffered 
i^mpofition ;  (o  that,  in  reality,  we  have  only  operated  upon 
95^^'.  \\c%,  3  gros.  69  grs,  of  fugar ;  that  is  to  fay,  opon  61  W/. 
^*^'  45^'*  of  oxygen,  7  libs.  \o  0%,  G  gros.  6grs.  of  hydrogen, 
*nd  26 //&•    \^  oz,  s  gres,    i^grs,  of  charcoal,     By  comparing 
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Hhs. 

oz. 

gretgn. 

347 

3« 

t 

10 

7 
6 

11 

0  S9 

1  34 

1  64 

4  0 

1 
0 

9 
*3 

7  *7 
I   14 

0 

If 
10 

2  57 

5  63 
0  0 

I 
0 

2 
6 

2  53 
2  30 

61 
5 

5 
8 

4*^ 
5  3 

4 
0 

0 

0 

0 

2 

5 

2 

5  0 
4  0 

1  67 

2  41 

0 

0 
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Spirit  of  wine  and  the  acids  aft  with  contidcrablc 
violence  on  each  other.  When  ftrong  vitriolic  acid  is 
poured  on  an  equal  quantity  of  rectified  fpirit  of  wine, 
a  ftrong  hf;at,  with  a  remarkable  hifllng  noife,  arc  ex- 
cited ;  the  two  fubftances  become  coloured,  and  emit 
a  fweet  fmell,  refembling  that  of  lemons,  or  the.apple 
called  golden  rennet.  If  the  mixture  is  made  in  a 
retort,  and  then  fubmirued  to  diftilhtion  in  the  well- 
regulated  heat  of  a  fand  bath,  a  large  receiver,  kept 
cool  by  the  application  of  moiftencd  cloths,  being 
adapted,  the  volatile  produfts  may  be  condenfed. 
Thefo  are :  i.  Spirit  of  wine  of  a  fweet  fmell.     a.  A 

thcfe  quantities,  we  f.n-^i  that  t!:ey  arc  fully  fulncient  for  form- 
ing the  wliolc  of  the  alkohol,  carbonic  aciJ,  .111 J  acetous  acid  pro- 
duced by  the  f.'rnie Illation.  It  u  not,  therefore,  nccclFary  to  fop- 
pole  that  any  water  has  been  dvcompofed  during  the  experiment, 
uiilci's  it  is  prcicnded  that  the  oxygc':i  and  hydrogen  exill  in  the 
fcgar  in  tl\at  ilate.  On  the  contrary,  I  have  already  made  it  evi- 
dent that  hvdropcn,  cx\cen,  and  cl'.aicoal,  the  three  conftitoent 
clcm^'nts  of  vc;^etablc5,  remain  in  a  rtatc  c^^  equilibrium  or  mntul 
union  with  each  other,  which  fubliils  fo  long  as  thb  union  remains 
unditlurbcJ  by  incivafed  temj'A.ature,  or  by  fc;me  new  compound 
attrai'iioM  ;  and  that  then  onlv  thefe  elements  combine,  two  and  two 
ior;c;hcr,  t«)  T^rm  warcr  and  carbonic  acii. 

*  'i'hc  ciyed^  Qi  the  vinous  fermentation  upon  fugar  are  thu  re- 
diiCw'd  to  the  more  feparation  of  its  elements  into  two  portions  t 
tnie  par:  ib  o:.vcrenatt  J  at  the  cxncnce  of  tiie  other,  fo  as  to  form 
c.;rhonic  acid,  whi'.il  the  other  pw^i,  bcir.c  diic.vvcenated  in  &vour 
ot  the  formci,  is  converted  into  the  combuflible  fubdance  alko* 
Jiol ;  therefore,  if  it  w:i!i  poiliLlc  to  re-uuire  alkohol  and  carbonic 
acid  to^rthor.  uc  ought  to  form  fugar.  It  is  evident  that  the 
vharc0.1l  .md  hydro^.'-n  ir.  the  alkohol  do  not  exiil  in  the  (late  of 
i>^l,  iho\  au-  comMiud  with  a  poition  of  oxygen,  which  rendcfs 
\\c\\\  i'.»iiclb!c  V  iih  water  ;  wherefore  thcfe  three  fubllances,  oxy- 
^i*ii.  hwlii^r.^.,,^  ,-i,^j  charceal,  t\'!:'t  here  likewife,  in  a  fpecies  of 
i^juilib.  ium  ov  r*'ciprocal  com Vi nation  ;  and  in  fad,  when  thcjT 
:41c  made  CO  pa<>  ihrouoh  a  red  hot  tube  of  glal'sor  porcelain,  tlus 
\\\\w\\  ur  equilibrium  is  dtllroyed,  the  elements  become  combined 
^^^  0  4:u  ;>^  o,  and  water  and  carbonic  acid  are  formed. 
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fiuid  called  etber^  extremely  volatile,  and  alfo  of  a 
pkafanc  odour :  this  comes  over  as  loon  as  the  fluid 
io  the  recorc  begins  to  boil,  and  the  upper  part  of  the 
receiver  is  at  the  faoie  time  covered  with  large  diilinA 
flreams  of  the  fluid,  which  run  down  its  fides.  3.  A 
lig^  yellow  oil,  called  fweet  oil  of  wine  i  and  4,  a 
iiilphureous  fpirit  pafles  over,  the  white  colour  and 
fincU  of  which  indicate  the  proper  time  for  changing 
the  receiver,  in  order  to  have  the  ether  fcparate  ;  and 
this  is  fucceeded  by  black  and  foul  vitriolic  acid. 

Ether  is  a  fluid  of  a  peculiar  nature.  It  is  the 
lighted  and  mod  volatile  of  all  unelaftic  fluids,  and  its 
tendency  to  aflTume  the  elaftic  form  is  fo  ftrong,  that 
it  is  quickly  diflipated  in  the  ordinary  heat  of  the  at- 
osoiphcrej  unleikconflned.  It  is  highly  inflammable, 
fo  that  ic  Is  dangerous  to  bring  a  candle  near  any  con- 
GJerable  quantity  of  it,  the  vapour  taking  fire,  and 
communicating  the  inflammation  to  the  whole  volume. 
The  acids  with  which  fpirit  of  wine  is  diflilled,  in  order 
to  obtain  ether,  feem  to  efl^eft  this  principally  by  rob- 
bing the  fpirit  of  part  of  its  carbon,  which  latter  fub- 
Ibnce  occafions  the  dark  colour  in  the  mixture,  by 
dtconripofmg  the  acid.  A  fmall  parp  of  the  acid  ad- 
heres to  the  ether  in  its  afcent,  and  this  conftitutes  the 
C:5erences  which  exifl  among  the  ethers,  according  to 
the  acid  by  which  they  were  produced. 

The  Acetous  Fermentation  is  ftill  more  fimple 
than  ihe  fpirituous,  and  confifts  merely  in  the  abforp- 
lionof  the  vital  or  oxygenous  part  of  the  atmofphere, 
by  nfchich  vinous  fluids  arc  converted  into  vinegar; 
whence  it  appears  that  it  is  the  proportion  of  oxygen 
alone  which  confl:itutes  the  vaft  difference  that  exifts 
between  ardent  fpirit  and  vinegar.  That  wine  is  con- 
verted into  vinegar,  by  the  addition  of  oxygen,  M 
proved,  as  well  from  the  general  analogy  of  the  for- 
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mation  of  other  acids,  as  by  the  following  direft  ex* 
perimcnts.  In  the  firil  placc^  we  cannot  change  wine 
into  vinegar,  without  expofing  the  former  to  the  con- 
tact of  air  containing  oxygen,  or  employing  fome  othep 
mode  of  oxygenation ;  fccondly,  this  procefs  is  accom- 
panied by  a  diminution  of  the  volume  of  the  air  in 
which  it  is  carried  on,  from  the  abforption  of  oxygen ; 
and  thirdly,  wine,  by  being  converted  into  vinegar,  is 
increafed  in  weight. 

The  Putrid  Fermentation  is  the  deftruftion  of 
the  equilibrium  which  holds  the  conftituent  principles 
of  bodies  in  a  ftate  of  combination.  Thus  a  vegetable 
fubftance,  which  when  entire  cohfifts  of  a  triple  com- 
bination of  hydrogen,  oxygen,  and  carbon,  is  refblved 
by  putrefaftion  into  hydrogen  gas,  and  carbonic  acid 
gas,  which  confifts  of  oxygen  and  carbon.  As  there 
is  not  enough  of  oxygen  to  convert  all  the  carbon  into 
carbonic  acid  gas,  a  quantity  of  the  charcoal  remains 
behind,  mixed  with  the  earthy  and  faline  matter  con- 
tained in  the  vegetable*  Thus  putrefaftion  in  a  vege- 
table fubftance,  is  nothing  more  than  a  complete  ana- 
lyfis  of  it,  in  which  the  conftituent  elements  are  difen- 
gaged  in  the  form  of  gas,  except  the  earth,  and  a 
quantity  of  charcoal  which  remains  in  the  ftate  of 
isiould. 

Such  is  the  refult  of  putrefaftion  when  the  fubftances 
fubmitted  to  it  contain  only  oxygen,  hydrogen,  char- 
coal, and  a  little  earth.  But  this  cafe  is  fare;  and 
thefe  fubftances  putrefy  impcrfeftly,  and  with  difficulty. 
It  is  otherwifc  with  fubftances  containing  azote,  which 
indeed  exifts  in  all  animal  matters,  and  in  a  confider- 
able  number  of  vegetables.  The  putrid  fermentation 
of  animal  fubftances  is  commonly  called  putrefaAion, 
and  this  is  well  known  to  take  place  in  them,  after  they 
arc  deprived  of  life.    The  circumftances  which  favoui 
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pimcfiifiion  arc  the  iamc  as  thofe  which  promote  the 
i[nritaous  and  acetous  fermentations,  viz.  humidity,  the 
adooiflion  of  ^,  ^and  a  due  d^;ree  of  heat.  Heat  to 
a  certain  degree  promotes  putrefadion,  yet  ao**  above 
that  of  die  human  blood  feems  to  prevent  it.  A  fmall 
piece  of  fi(h  which  was  luminous,  and  coniequently 
patrid,  was  put  into  a  thin  glafs  ball,  and  water  of  the 
heat  of  1 1 8*  extinguifhed  its  light,  and  confcquently 
ftc^>ped  its  tendency  to  putrefaction,  in  lefs  than  half  a 
minuce ;  on  taking  it  out  of  the  water,  it  b^an  to  re- 
cover its  light  in  about  ten  feconds,  but  was  never  fb 
bright  as  before  *. 

Azote,  which  abounds  fo  much  in  animal  fub- 
fiances,  not  only  occafions  a  more  rapid  putre&£tion, 
but  renders  its  produdts  condderably  difierent  from 
thofe  afibrded  by  the  decay  of  fuch  vegetables  as  do 
not  contain  azote.  In  the  putrefaction  of  animal 
matters,  the  hydrogen,  inftead  of  efcaping  in  a  feparate 
fiate,  combines  with  the  azote,  and  forms  volatile  al- 
kali. The  hydrogen  gas  alfo  diilolves  a  part  of  the 
carbon,  the  fulphur,  and  the  phofphorus,  all  which 
iubftances  enter  into  the  compofition  of  animal 
matter;  with  thcfc,  it  forms  compound  aeriform 
fluids,  which  have  obtained  the  following  names,  car- 
bonated hydrogen  gas,  fulphurated  hydrogen  gas,  and 
phofphorated  hydrogen  gas.  The  two  latter  of  thcfe 
gaflbs  have  a  peculiar,  difagreeable  odour,  and:>  together 
with  the  volatile  alkali,  occafion  the  penetrating  and 
ofFcnfive  exhalations  which  proceed  from  putrid  mat- 
ters. Somedmes  volatile  alkali  predominates;  which 
^ffedb  the  eyes;  fometimes,  as  in  feculent  matters,  the 
fulphurated  gas  is  moil  prevalent;  ^nd  fometimes,  as 
ifl  putrid  herrings,  the  phofphorated  hydrogen  gas  is 

♦  Pricftlcy's  Hift.  of  Optics,  p.  579. 
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mod  abund^t.  Carbonic  acid  gas  i3  alio  ^ifcxifpLgf^ 
It  appear^  highly  probable,  that  W4ter,  which  is  fo 
neccl&ry  to  putrefs;£tion,  is  dccompofed  during  thtf 
proccfsj  s^nd  that  its  component  principle^!  oxygen 
i^nd  hydrogen^  contribute  to  the  great  quantity  of 
g^flfes  which  are  produced.  Oxygf  n  fcems  alfo  to  be 
ablbrbed  from  the  atrnofphere>  fincc  putrefaction  is 
expedited  by  vital  air. 

M-  Fourcroy  and  M.  Thouret  have  obicrved  fome 
peculiar  phenomena  in  dead  bodies^  buried  at  a  certain 
depth,  and  prefcrved  to  a  certain  degree  froni  cootaft 
of  air:  having  found  the  mufcular  flelh  converted 
into  true  animal  fat.  This  muft  have  arifen  from 
the  difengagcxnent  of  the  azote  by  fome  unknown 
caufe,  leaving  only  the  hydrogen  and  charcoal  re- 
maining, which  are  the  elements  of  fat  or  oil.  This 
obfervation,  M.  Lavoifier  remarks,  may  at  fome  fiiture 
period  lead'  to  difcoveries  of  great  importance  to 
ibciety,  by  enabling  the  chcmift  to  convert  into  oil 
fubftances  which  confift  of  nearly  the  fame  principles, 
but  which  are  at  prefent  of  no  value. 

The  decompofition  of  vegetable  matters  by  fire, 
was  noticed  in  treating  of  inflammable  fubftances,  in 
the  chapter  on  carbon  or  the  carbonaceous  principle  i 
and  the  mode  of  cxtrafting  from  the  afties  of  certain 
plants  that  ufeful  fubftance  the  fixed  alkali,  has  (leen 
alfo  defcribed. 

There  is  perhaps  no  procefs  of  nature  better  under* 
flood  than  that  of  fermentation^  and  yet  there  is  not  any 
more  calculated  to  excite  our  aftonifliment;  theft 
is  not  any  inftance  within  my  recoUeftion  (b  ftriking» 
of  the  furprizipg  change  which  combination  produces 
in  bodies  j  and  it  is  the  more  wonderfiii,  when  we 
confider,  that  different  proportions  of  the  fame 
ingredients  produce  fluids  cffentially  diftinft  in  all 
3  their 
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dicir  kading  charaders.  tie  that  ^^  made  a  weight 
for  the  winds,  and  weigheth  the  waters  by  meafure  i' 
how  exccUenrly  has  he  ordered  a]l  things  for  the  be- 
licfit  of  bis  creatures  !  •*  The  undevout  aftronomer 
b  mad/'  is  the  ftrong  exprefiion  of  a  fublime  writer; 
jctf  if  the  wildom  and  providence  of  God  is  evi- 
dent in  thof<r  immenie  bodies,  of  the  fhiidure  of 
which  we  are  in  a  great  meafure  ignorant,  fgrely  it 
is  much  more  fo  in  thefe  minute  operations,  which 
are  the  immediate  objeds  of  our  fenfes,  where  every 
diing  is  plainly  the  tSkSt  of  incdiigencc  and  defign ; 
and,  however  ignorant  and  fuperficial  obfervers  may 
wander  from  the  path  of  truth,  the  naturalift  at  Icaft 
tin  never  i)e  an  adieift*' 
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Book     IX. 

OF    ANIMALS. 

i  I 

C    H    A    P.       L 

OF   ANIMAL   MATTER   IN   GENERAL^ 

Gneral  Rgmarkf  on  Ammal  Bodies.'w^PrciluSls /mm  the  DiftUldticm 
of  Aiwnal  Matttr^'-^EUnuntwry  Principles  ^whicb  enter  info  the 
CompoJiticTt  of  Animai  Matter .'^^ Animal  Acids. "^Different  Worms 
of  Animal  'flatter, ^-''Jelly,'^-'Glue„'^Lymfh.^^Furtber  ProduQsj^' 
Fat.'^Fibrous  Parts. 

IN  treating  of  organized  bodies^  as  introduftory  to 
an  account  of  the  vegetable  fyftem,  fome  obferva- 
tions  were  made,  which  are  alfo  in  a  great  meafurc  ap- 
plicable to  animal  nature.  The  elementary  principles, 
however,  which  enter  into  the  conipofition  of  animal 
bodies  are  more  numerous  than  thofe  which  are  found 
in  vegetable  matter ;  and  at  the  fame  time  the  ftruc- 
ture  of  animals  is  much  more  complex  than  that  of 
plants.  In.  both,  tl^  growth  and  incrcafe  is  provided 
for  by  a  curious  kind  of  chemical  apparatus,  adapted 
for  effefting  thofe  wonderful  changes,  diffolutions, 
and  combinations  of  matter,  which  are  effential  to 
their  refpective  natures.  AH,  however,  that  we 
have  been  able  to  difcover  in  vegetables,  is  fomc 
traces  of  a  vafcular  fyftem ;  whereas,  in  animal  nature^ 
there  is  not  only  a  moft  elaborate  fyftem  of  veflcls, 
but  means  provided  for  the  augmentation  of  the  tern- 
peraturej  and  for  die  fulfilling  of  thofe  funftions  which 
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bdong  to  a  creature,  endued  with  a  power  of  volun«> 
tary  motion,  and  of  thought. 

To  defcribe  with  accuracy  the  fpecific  charafter- 
Utics  of  different  animals,  to  enter  into  the  detail  of 
what  is  called  comparative  anatomy,  would  employ 
an  immenfc  and  elaborate  treatife;  and  indeed  to 
acquire  the  neceflary  knowledge  for  fuch  an  under- 
taking would  occupy  a  long  life.  As  the  objeft, 
however,  of  the  prefent  work  is  to  give  a  general 
view  of  nature,  rather  than  to  enter  Into  that  minute-? 
iiefs  of  diiquiiition  which  is  chiefly  neceflary  for 
technical  purpofe,  or  for  diofe  inquirers  whole  leifure 
and  patience  far  exceed  thofe  of  the  majority  of  man- 
kind, it  will  be  neceflary  to  confine  the  prefent  fub- 
jeft  within  reafbnable  limits.  And  fince  it  would  be 
impoflible,  in  fuch  a  work,  to  treat  of  the  fpecific  or- 
ganization of  every  animal,  I  have  made  choice  of 
that  one,  whole  parts  and  fiinAions  are  found  to  be 
the  moil  perfeA ;  and  as  it  is  eafier  to  look  down 
from  an  eminence  than  to  afcend  the  heights  of  cre- 
ation, from  what  will  be  ftated  in  the  fucceeding 
pages  on  the  economy  of  the  human  body,  it  will  not 
be  a  matter  of  great  difficulty  to  comprehend  that 
of  other  animals  *.  The  plan  which  will  be  pur- 
fued  in  this  part  of  the  work,  will  not  be  materially 
different  from  that  which  has  been  adopted  in  the 
preceding.  After  a  few  obfervations  on  the  com- 
ponent principles  di  animal  matter,  1  fhall  proceed 
to  confider  the  ftrufturc  of  thofe  organs  which  con- 
ftitute  the  animal  machine ;  and  laftiy,  the  functions 
to  which  thofe  oro^ans  are  fublervient. 

•  The  moil  ilriicingand  chara£lcri{lJcdifFcrenccs  in  the  fabric 
of  different  animals  are  however  noticed;  but  to  defcribe  minutely 
the  natural  economy  of  every  diftinft  race  of  animils,  would 
require  an  xmmenfe  treatire,  and  indeed  has  never  yet  been 
done. 

When 
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When  animal  matter  is  diftillcd  with  a  ftroog  heat, 
we  obtain  a  watery  fluid,  holding  in  iblucion  faato 
fal  ammoniac,  iuperfaturated  Vrith  volatile  alkali;  a  light 
oil,  and  a  ponderous  dark  oil,  mixed  with  concrete 
volatile  alkali ;  a  ipongy  coal  remains  m  the  retort,  of 
difficult  incineration,  and  which  contains  iea-falt,  mild 
foffile  alkali,  iron,  and  calcareous  earthj  combined 
with  phofphoric  acid,  « 

Such  are  the  produds  afibrded  by  the  diftiUation  of 
all  animal  matters^  except  that  the  proportions  vary, 
according  to  the  degree  of  fblidity  in  the  part  fubmioieii 
to  diftillation.  The  mod  charaAeriftic  marie  of  %n\^ 
mal  matter,  is  its  contairiing  azote,  which  cohfideraUy 
alters  its  products,  both  by  putrefadtion  and  diftillationn 
and  which  in  both  thefe  procefles  combining  with 
hydrogen  produces  volatile  alkali.  As  vegetables  and 
animals,  however,  pafs  by  inlenfible  degrees  into  each 
other,  fo  there  are  fome  vegetables  which  afibrd  vola- 
tile alkali,  and  which  confequently  contain  azote; 
though  in  far  lefs  quantity  than  any  animal  matter. 

The  elementary  matters  which  enter  into  the  com- 
pofuion  of  the  foft  parts  of  animals,  are  carbon,  hy- 
drogen, azote  and  oxygen;  the  bones  are  compoied  of 
calcareous  earth  and  phofphoric  acid:  a  very  fmall 
quantity  alfo  of  iron,  and  of  fome  neutral  lalts, 
particularly  fuch  as  are  compofed  of  the  mine- 
ral and  volatile  alkalies,  and  lime,  combined  with 
the  muriatic,  phofphoric  and  carbonic  acids,  are  dif- 
covered  by  careful  analyfis.  By  the  application  of 
heat,  the  elementary  matters  above  mentioned  aflumo 
new  arrangements  and  combinations ;  hydrogen  and 
oxygen  uniting,  form  water;  hydrogen  and  carbon^ 
t)il ;  hydrogen  and  azote,  volatile  alkali ;  oxygen  and 
carbon,  cretaceous  or  carbonic  acid :  fome  of  the  gafles 
iiifo  efcape  in  a  feparate  (late,  and  part  of  the  carbon 
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rtmains  behind  with  die  earthy  matter.  La\roifier^ 
after  having  treated  of  the  decompofition  of  vegetable 
matter,  obferves: 

*  Animal  fubftances,  being  compoied  nearly  of  the 
fame  elements  with  cruciferous  plants,  give  the  fame 
produfts  in  diftillation,  with  this  difference,  that,  as 
they  contain  a  greater  quantity  of  hydrogen  andazote^ 
they  produce  more  oil  and  mere  ammoniac.     I  fhall 
only  produce  one  fact,  as  a  proof  of  the  exactnefs 
with  which  thb  theory  explains  all  the  phenomena 
which  occur  during  the  diftillation  of  animal  fub^ 
fiances — which  is  the  redification  and  total  decom- 
pofidon  of  volatile   animal   oil,    commonly   known 
by  tbe  name  of  Dippel's  oil.     When  thcfe  oils  arc 
procured  by  a  firft  di^illation  in  a  naked  fire,  they  are 
brown,  from  containing  a  little  charcoal  almofl  in  a 
free  ftate ;  but  they  become  quite  colourlefs  by  re<5K- 
fication.     Even  in  this  ftate  the  charcoal  in  their  com. 
position  has  fo  flight  a  connection  with  the  other  ele- 
ments, as  to  (eparate  by  mere  expofure  to  the  air.     If 
we  put  a  quantity  of  this  animal  oil,  well  rectified, 
and  confequendy  clear,  limpid,  and  tranfparent,  into  a 
bell-glafs  filled  with  oxygen  gas  over  mercury,  in  a 
Ihort  time  the  gas  is  much  diminllTieJ,  being  abfoibcd 
by  the  oil ;  the  oxygen,  combining  with  tiie  hydrogen 
of  the  oil,  forms  warer,  which  finks  to  the  bottom  ;  a: 
the  fame  time  the  cliarcoal  which  was  combined  wit!i 
the  hydrogen  being  fee  free,  manifefts  itfelf  by  ren- 
dering the  oil  black.     Hence  the  only  way  of  preferv- 
ing  thefe  oils  colourlefs  and  tranfparent,  is  by  keeping 
them  in  bottles  perfedlly  full,  and  accurately  corked* 
to  hinder  the  contact  of  air,  which  always  difcolours 
them, 

*  Succeflive  recti fications  of  thii>  oil  furnilh  another 
phenomenon  confirming  our  theory.     In  each  diftil- 
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lation  a  frriall  quantity  of  charcoal  remains  in  the  retort^ 
and  a  little  water  is  formed  by  the  union  of  the  oxygea 
contained  in  the  air  of  the  diflilling  vefiels  with  the 
hydrogen  of  the  oiL  As  this  takes  place  in  each  fuc-^ 
cefTive  diftillation^  if  we  makeufe  cff  lirgeyeflels^  and 
n  confide rable  degree  of  heat^  we  at  laft  decompofe 
ihc  whole  of  the  oil  j  and  change  it  entirely  into  water 
and  charcoal.  When  we  ufe  fmall  veffels,  andefpe- 
cially  wlicn  we  employ  a  flow  fire,  or  a  degree  of  heat 
little  above  that  of  boiling  water,  the  total  decompo*^ 
fition  of  thefc  oils,  by  repeated  diftillation,  is  greatly 
more  tedious,  and  more  difficultly  accompliflied/ 

Animal  matters  are  compound  falifiable  baiea 
brought  to  the  ftate  of  oxyds  by  combination  with 
oxygen,  and  which,  by  the  further  addition  of  that  prin- 
ciple, are  capable  of  becoming  acids.  Several  animal 
acids  have  been  difcovered,  fome  of  which  approach 
very  near  to  the  vegetable  acids.  Their  bafes  have 
not  been  afcertained  with  accuracy,  but  are  fuppofed 
to  be  different  combinations  of  carbon,  hydrogen,  and 
azote.  The  animal  acids  at  prefent  known,  arc  the 
following : 

Laftic  acid,  obtained  from  milk. 

Saccho-laftic,  from  fugar  of  milk. 

Formic,  from  ants. 

Bombic,  from  filk-worma. 

Sebacic,  from  fuet. 

Lithic,  from  urinary  calculus. 

Pruflic,  extrafted  from  blood,  or  other  animal 

matter,  by  means  of  fixed  alkali  ignited  with 

thefe  matters. 

Having  mentioned  the  principles  aflForded  by  the 

complete  decompofition  of  animal  matter,  it  will  be 

proper  to  notice  certain  matters  into  which  the.  fofc 

parts  of  animals  may  be  refolved  by  the  action  of 

menftrua. 
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menftrua.  If  a  part  of  an  animal  is  boiled  in  water,  ic 
is  gradually  diilblved,  and  a  matter  is  extra6ted>  which 
fbrms  a  fjlid  but  tremulous  mafs  when  cold,  and 
"which  is  called  jelly.  This  is  found  mod  plentifully 
in  the  white  pans  of  animals,  but  may  be  obtained  in 
a  finaller  or  greater  proportion  from  aiL  It  is  nearl|^ 
inodorous  and  infipid,  and  is  foluble  both  in  cold  and 
hot  watefj  but  more  eafily  in  the  latter.  When  its 
watery  parts  are  more  fully  evaporated,  ic  forms  glue» 
The  jelly  of  animals  is  very  analogous  to  the  gum  of 
vegetables^  except  that  the  latter  does  no:  contain 
azote,  and  of  courfe  is  lefs  prone  to  the  putrcfadive 
fennentatton,  and  is  incapable  of  afibrding  volatile  al- 
kali. The  glue  obtained  by  boiling  animal  matters^ 
differs  in  fome  mcaiiire  according  to  the  firmnels  or 
laxity  of  the  fubftance  from  which  it  is  obtained ;  thus 
the  ildns,  tendons,  cartilages^  and  ligaments  afford  the 
firmeft  glue.  The  fkins  of  eels  are  the  bdis  of  gold 
fize ;  and  from  old  white  leather  gloves  and  parch- 
mcnt  is  made  a  kind  of  glue  ufed  by  painters.  Glues 
differ  from  each  other  in  their  confiflence,  tafte,  fmell, 
and  folubility  :  there  are  fome  which  readily  become 
foft  in  cold  water;  others  are  not  difTolved  but  in  boil- 
ing water ;  but  the  preparation  of  the  latter  is  not  ge- 
nerally known.  The  beft  glue  is  tranfparent,  of  a  yel- 
low brownifh  colour,  without  fmell  and  tafle,  and  en- 
tirely foluble  in  water,  with  which  it  tbrms  a  vifcid  uni- 
form fluid.  Animal  jelly  differs  from  glue,  only  in 
poflefCng  a  lefs  degree  of  confiflcnce  and  vifcidity. 
The  firil  is  more  cfpecially  obtained  from  the  foft  and 
white  parts  of  animals,  and  is  far  more  abundant  in 
thofe  which  are  young.  Glue  is  obtained  in  greatefl 
perfcAion  from  the  roughefl  parts  of  older  animals. 
Jelly  and  glue  are  infoluble  in  fpirit  of  wine. 

Lymph 
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Ljmph  or  feruiti  conftitutes  the  greater  part  of  the 
fluids  of  animals,  and  will  be  afterwards  treated  of  as  a 
conftituent  part  of  the  blood. 

Spirit  of  wine,  when  applied  to  animal  matters,  dif- 
iblves  an  extradive  fubftance,  which  is  depofited  on 
.the  evaporation  of  the  fluid ;  this  matter  is  alio  Iblubic 
in  water.  It  fwells  and  liquifies  by  heat,  and'  emits  a 
4ine]l  fomewhat  refembling  that  of  burned  fugar ;  it  is 
chiefly  this  fubftance  which  coven  the  furface  of  roafted 
meat,  in  the  form  of  a  brown  cruft. 

The  fat  of  animals  approach^  very  nearly  to  the 
nature  of  the  fat  oils  of  vegetables.  The  globules  which 
nk  to  tjie  furface  of  water  in  which  meat  is  boiled, 
confift  of  the  fat.  The  fat  of  animals,  as  well  as  tlie 
fat  oils  of  vegetables,  aSbrds  a  peculiar  acidj  which  is 
called  the  iebacic  acid,  or  acid  of  fuet. 

After  all  thefe  matters  are  extraded,  there  remains 
nothing  but  a  white  fibrous  matter,  infipid,  and  infolu- 
ble  in  water.  This  matter  has  all  the  charaders  of  thfc 
fibrous  part  of  the  blood,  which  I  (hall  treat  of  in  the 
ibUowing  chapter. 
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C  H  A  Pi      II. 

OF    THE    BLOOD. 

9mfMJweetis  anJ  a^angtUHeoHs  Animats,'^Warm  and  ^U  bloodiJ  Jmi^ 
wuds^^^imm  and  Craffkm£miumj''^Fohffufei,^^AmalyJU  ofBl^od^^-^, 
Lymfb^^lrm  in  the  Blood.^Caufe  of  the  Rid  Colcitr. — RtdGk- 
haUs^-^BewJoi^ i  Exferimenis, 

THIS  fluids  which  is  fo  eflfential  to  life,  varies 
confidcrably  in  different  fpecies  of  animals.  In 
manj  and  other  large  animals,  it  is  of  a  red  coiour> 
but  in  Ibme  fmaller  animals  the  circulating  fluid  is 
nearly  colourleis,  and  therefore  Tuch  animals  are  called 
exianguineous ;  though  with  fitde  propriety,  as  their 
circulating  fluid  appears  to  anfwer  all  the  purpofes  of 
Uood,  and  there  (eems  no  reafon  to  afiirm  that  nothing 
can  be  blood,  which  is  not  of  a  red  colour.  The  mod 
remarkable  difference  in  the  blood  of  animals,  is  with 
refpeft  to  the  temperature.  The  blood  of  man,  qua- 
drupeds, and  birds,  is  hotter  than  the  medium  they 
inhabit;  they  are  therefore  called  animals  with 
warm  blood.  In  fifties  and  reptiles  it  is  nearly  of  the 
temperature  of  the  medium  they  inhabit  j  and  thefe 
are  therefore  called  animals  with  cold  blood.  The 
temperature  of  the  blood,  as  well  as  the  change  of  co- 
lour to  a  brighter  rtJ,  which  the  blood  undergoes  in 
pafling  through  the  lungs,  will  be  treated  of  in  a  future 
chapter  on  refpiration. 

When  blood  is  firft  drawn  fix)m  a  vein,  it  appears 
to  be  an  homogeneous  red  fluid :  it  then  confolidates 
into  one  uniform  mafs ;  in  a  little  time  a  yellowifh 
watery  liquor  begins  to  fcparate  from  it,  which  is  more 
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or  Icfs  in  quantity,  according  to  the  ftate  of  the  bipod; 
the  red  mafs,  in  the  mean  time,  contrafts  greatly  in  its 
dimenfions,  expelling  the  watery  liquor  from  it$  pores, 
and  confequently  increafing  in  firmnefs  and  dcnOty. 
This  ftparation  happens  in  the  body  after  death,  and 
produces  thofe  concretions  in  the  heart,  and  large  vcf- 
fcls,  thofe  adhefive  mafles  called  polypufes,  which 
were  formerly  fuppofed  to  have  exifted  during'  life, 
and  fometimes  to  have  been  the  immediate  occafion  of 
death.  By  agitation,  blood  continues  fluid ;  but  a  con- 
fident fibrous  matter  adheres  to  the  flick  or  inftrument 
made  ufc  of  to  ftir  it,  which  by  repeated  ablution  in 
water  becomes  white,  and  appears  to  be  very  fimilar 
to  the  fibres  of  animals  obtained  by  wafhing  away  the 
other  adhering  matters.  Received  from  the  vein  in 
warm  water,  blood  depofits  a  quantity  of  tranfparent  ' 
filamentous  matter,  the  red  portion  continuing  diflblved 
in  the  water.  On  evaporating  the  fluid,  a  red  fub- 
ftance  in  the  form  of  powder,  or  eafily  reducible  to  it, 
is  left.  Blood  infpiflated  to  drynefs  leaves  a  dark  co- 
loured mafs,  amounting  at  a  medium  to  about  one 
fourth  part  of  its  weight,  of  a  bitter  faline  tafte,  eafily 
inflammable,  and  burning  with  a  blueilh  flame.  The 
exficcated  blood  is  not  foluble  in  acid  or  alkaline  li- 
quors, but  gives  fome  tinge  to  water  and  to  (pirits  of 
wine ;  and  is  more  powerfully  afted  on  by  dulcified 
fpirit  of  nitre.  Recent  blood  is  coagulated  by  the 
itiineral  acids,  and  by  mod  of  the  combinations  of 
them  with  earthy  and  metallic  bodies.  With  vegetable 
acids,  and  with  folutions  of  neutral  falts,.it  mingles 
equally  without  coagulation.  Alkalies,  both  fixed  and 
volatile,  render  it  more  fluid,  and  prcfoive  it  from 
coagulating.  Bl(;od  by  diltillation  affords  the  fame 
refutes  as  other  animal  matters.  Six  pounds  of  human 
blood  dilliiled  to  drynefs,  with  a  gentle  heat,  were  re- 
duced 
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duccd  to  a  pound  and  an  half;  after  which  the  mafs 
was  urged  with  a  graduated  fire,  till  the  retort  at  laft 
became  red  hot.  The  produce  was  feventeen  ounces 
of  liquor,  t^'elvc  of  wiiich  were  a  red  and  very  empy- 
reumatie  volatile  and  alkaline  fluid,  and  the  other  five 
were  oil.  What  remained  in  the  retort  was  a  light 
Coal,  weighing  four  ounces  and  a  half. 

It  has  been  already  mentioned  that  blood  fponta- 
neouflyTeparates  into  two  parts,  a  coherent  mafs  called 
the  craf&mentum,  and  an  aqueous  liquor  called  iht 
fen:m,  with  which  the  craflamentum  is  furrounded. 

Lymph  or  ferum,  which  ib  alfo  called  the  albumi* 
nous  matter,  fi-om  its  coagulating  into  a  white  mafs  by 
the  amplication  of  a  heat  equal  to- 1 56  degrees  of  Farcn- 
hcit's  thermometer,  is  very  analogous  to  the  white  of 
^g.  Scrum  is  alfo  coagulated  by  acids  and  by  ardent 
Ipirit ;  alkalies  render  it  more  fluid.  Ic  converts  fyrup 
of  violets  to  a  green.  Its  colour  is  yellowifh,  inclining 
to  green ;  its  tafte  is  faline,  and  it  feels  between  the 
fingers  in  fome  degree  unftuous  and  adhefive.  By 
diftillation  it  affords  the  fame  principles  as  animal 
matters  in  general. 

Serum,  expofed  to  a  warm  temperature  in  the  open 
air  pafles  quickly  to  putrefaftion.  It  unites  with  water 
in  all  proportions,  but  they  are  kept  feparate  by  their 
different  denfities,  unlefs  agitated  together.  Serum 
poured  into  boiling  water  for  the  moft  part  coagulates 
inftandy.  The  coagulation  formed  in  ferum  by  the 
addition  of  an  acid,  diflblves  very  quickly  in  volatile 
alkali,  which  is  the  true  folvent  of  the  albuminous 
parti  but  it  is  not  at  all  foluble  in  pure  water.  The 
coagulation  formed  by  fpirit  of  wine,  on  the  contrary, 
15  foluble  in  water,  as  M.  Bucquct:  has  difcovered. 
This  liquid,  M.  Fourcroy  concludes,  is  an  animal 
mucilagCj  compofcd  of  water,  acidifiablc  oily  bafes, 
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marine  ftilt^  chalk  of  ibda,  and  calcareous  phofphat ;  ^ 
this  laft  appears  to  produce  the  rofe-coloured  precipi- 
tate, obtained  by  pouring  the  nitrous  folution  of  mer- 
cury into  fcrum.  Though  the  liquid  is  fcarccly  co- 
k)ured,  the  addition  of  nitrous  acid,  and  more  efpeci- 
aJly  of  mercurial  nitre,  produces  a  rofe  or  light  fle{h- 
colour,  which  M.  Fourcroy  has  often  obferved  in  many 
otlier  animal  liquors. 

The  craffamentum,  when  well  wafhed  in  water^  i$ 
fcparated  into  two  very  diftinft  fubftanccs,  one  of 
wliich  is  diflblved,  and  tinges  the  water  of  a  red  co* ' 
lour,  while  the  other  remains  behind  in  the  Hate  of  a 
white  fibrous  matter,  the  fame  as  that  which  adheres 
to  the  itirrer  with  which  recent  blood  has  been  agitated, 
in  order  to  prevent  its  coagulation.  The  water  in 
which  the  red  part  is  diflblved,  when  heated  with 
different  menflrua,  exhibits  all  the  characters  of  lerumi 
but  it  contains  a  much  greater  quandty  of  iron,  which 
inay  be  obtained  by  the  incineration  of  the  coal,  and 
fubfequent  wafhing  to  feparate  the  luline  matters* 
The  rcGdue  of  this  wafhing  is  a  yellow  calx  of  iron, 
of  a  beaudful  colour,  and  ufuall/  attraftcd  by  the 
magnet.  The  red  colour  of  the  blood  is  therefore 
with  fome  appearance  of  reafon  attributed  to  this  metal. 
Iron  has  been  obtained  from  the  blood  in  confiderable 
quantity  by  Menghini,  Rouelle,  and  Bucquet. 

The  fame  chemifls  found  that  iron  was  capable  of 
paffing  into  the  blood  from  the  inteflines,  fincc  patients 
who  were  under  a  courfe  of  martial  medicines  arc 
known  to  difcharge  a  part  of  it  by  the  urinary  paflages. 
Iron  is  obtained  from  the  red  particles  of  the  bloods 
but  not  from  the  waflied  coagulum.  Thefe  &(5b^  to- 
gether with  the  increafed  rednefs  of  the  blood  by 
pafling  through  the  lungs,  where  it  may  be  fuppoied 
to  fuflcT  a  degree  of  calcination  from  the  abfbrpcioin 
3  of 
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of  oxygen,   render  the  above  opinion  highly  pro- 
bable. 

The  fibrous  part  of  the  blood,  when  thoroughly 
wafhed,  is  white  and  infipid ;  by  diftillation,  like  other 
animal  matters,  it  afFords  water,  oil  and  volatile  alkali. 
Expoied  to  a  gcnde  heat,  it  is  much  hardened  j  when 
fuddenly  expofed  to  a  ftrong  heat,  it  fhrinks  up  like 
parchment.  It  putrefies  very  rapidly,  and  affords 
much  volatile  alkali.  It  is  infoluble  in  water,  and  when 
boiled  in  that  fluid  hardens,  and  affumes  a  grey  colour. 
Acids  unite  widi  it,  and  in  particular  the  nitrous  acid 
dtflblves  it,  and  extricates  azote  and  nitrous  air ;  while 
the  refidue  by  evaporation  afFords  acid  of  fugar  in  cryf^ 
tals,  a  peculiar  oil  in  flocks,  and  the  phofphoric  fait  of 
Hrae.  Marine  acid  forms  a  green  jelly  with  the 
fibrous  part  of  the  blood.  The  acid  o€  vinegar  difTolves 
!t  with  the  affiflance  of  heat ;  wUter,  and  more  pani- 
cularly  alkalis,  precipitate  the  fibrous  matter  when  difl 
iblvcd  in  acids.  The  animal  fubflance  is  decompofed 
in  thefe  combinadons ;  and  when  feparated  from  the 
acids  by  any  method,  it  no  longer  retains  its  former 
properties. 

The  microfcopical  appearances  of  the  blood  have 
attrafted  great  attention.  Various  accounts  have  been 
publifhed  on  this  fubjeft,  mofl  of  which  fcem  to  have 
been  framed  more  on  theory  and  pre-conceived  opi- 
nion, than  adual  obfervation.  Thefe  falfities  have 
been  detected  by  Mr.  Ilewfon,  whofe  microfcopical 
experiments  on  the  blood  are  the  lateft  which  have  been 
made,  and  remain  at  prefent  (as  far  as  relates  to  the 
compofition  of  the  blood)  uncontradiftcd.  I  (hall 
therefore  tranfcribe  the  following  particular  account  of 
them,  given  by  himfelf  in  a  letter  to  Dr.  Haygarth, 
phyfician,  in  Cheftcr. 

G  J  '  The 
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^  The  red  particles  of  the  blood,  improperly  called 
gkbulesy  are  fl^t  in  all  animals,  and  of  very  different; 
(izes  in  different  animals.  In  man  they  are  fmall,  as 
flat  as  a  Ihilling,  and  appear  to  have  a  dark  ipot  in  the 
middle.  In  order  to  fee  them  diftinftly,  I  dilute  the 
t)lG(>d  with  frcfh  ferum.  My  predeceffors,  not  having 
thought  of  this,  could  not  fee  them  diftindUy.  And 
Lewcnhoeck  in  particular,  imagining  a  round  figure 
fittefl:  for  motion,  concluded  they  muft  be  round  in  the 
human  body ;  though  he  and  others  allowed  that  in 
frogs,  &c.  where  they  viewed  them  diftinftly,  from 
the  blood  being  thinner,  they  were  flat.  Now  1.  prove 
that  they  are  flat  in  all  animals.  In  the  human  blood, 
where  thcfc  particles  are  Imall,  it  is  difficult  to  deter- 
mine what  that  black  fpot  is,  which  appears  in  the 
fenrer  of  each.  Some  ha^e  concluded  that  it  was  a 
perforation  J  but  in  a  frog,  where  it  is  fix  times  #as 
large  as  in  a  man,  it  is  eafy  to  fliew  that  it  is  not  a  . 
perforation,  but  on  the  contrary,  is  a  little  folid,  which  • 
is  contained  in  the  middle  of  a  veficle.  Inftead,  there- 
fore, of  calling  this  part  of  the  blood  red  globulesy  I 
fhculd  call  it  red  veficles ;  for  each  particle  is  a  flat  ve- 
ficle, with  a  little  folid  fphcre  in  the  center.. 

*  I  find  that  the  blood  of  all  animciis  contains  veficles 
of  tiiis  fort.  In  human  blood  there  are  millions  of 
them,  and  diey  give  it  the  red  colour ;  but  in  infe£ts 
they  are  white,  and  lefs  numerous  in  proportion  than 
in  man  and  quadrupeds.  As  they  are  flat  in  all  ani^ 
mals,  I  fufpcct  that  fliape  is  a  circumfliance  of  im- 
portance, but  can  be  altered  by  a  mixture  with  diflfer- 
cnt  fluids.  And  I  find,  that  it  is  by  a  determinate 
quantity  of  neutral  fait  contained  in  the  ferum,  that  this 
fluid  is  adapted  to  preferving  thefe  veficles  Jn  t;hcirflat 
ihape :  for  if  they  are  mixed  with  water,  they  become 
round,  and  diffolve  perfectly  i  but  add  a  little  of  any 

neutral 
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ntutral  fait  to  the  water,  and  they  remain  in  It  without 
any  alteration  in  their  fhape,  and  without  diflfolving. 

*  Now,  when  it  is  confideifed  that  the  blood  of  all 
animals  is  filled  with  thefe  particles,  we  muft  believe 
thac^hey  ferve  fome  very  important  purpofe  in  the 
animal  ceconomy ;  and  fmce  they  a,re  fo  complicated 
in  their  ftrudure,  it  is  improbable  that  they  ihould 
be  formed  by  mechanical  agitation  in  .  the  lungs  or 
blood-veflels,  as  has  been  fufpedted,  but  probably 
have  fome  organs  fet  apart  for  their  formation.  This 
I  Ihall  endeavour  to  prove,  when  I  hav£  explained 
their  ftrudure  a  little  more  particularly,  and  men- 
tioned the  manner  in  which  I  exhibit  it.  I  take  the 
blood  of  a  toad  or  frog,  in  which  they  are  very  large ; 
I  mix  it  with  the  ferum  of  human  blood  to  dilute  it;  I 
find  them  appear  all  flat,  fo  they  do  in  the  blood- vefiels 
of  this  animal,  as  I  have  diftihftly  feeji  in  the  web 
between  its  toes,  whUft  the  animal  was  alive,  and 
fixed  in  the  microfcope.  Their  appearance  in  thefe 
animals  is  not  unlike  dices  of  cucumber.  I  next 
mix  a  little  of  the  blood  with  water,  which  immedi- 
ately makes  them  all  round,  and  then  begins  to  diflblve 
them  whilft  they  are  round.  I  incline  the  ftage  of 
the  microfcope,  fo  as  to  make  them  roll  down  it ; 
and  then  I  can  diftindUy  fee  the  folid  in  the  middle  fall 
from  fide  to  fide,  like  a  pea  in  a  bladder.  A  neutral 
fait  added  to  them  at  this  time  brings  them  back  to 
their  fiat  fhape  ;  but  if  the  fait  is  not  added,  the  water 
gradually  diffolves  away  the  veficle,  and  then  the  little 
iphere  is  left  naked.  Such  is  the  compofition  of  thefe 
particles.  I  have  exhibited  thefe  experiments  to  a 
confiderable  number  of  my  acquaintance,  who  all 
agree  in  their  being  fatisfaftory. 

'  The  microfcope  I  ufe  is  a  fingle  lens,  ahd  there- 
fore as  little  likely  tp  deceive  us  as  a  pair  of  fpeftacles, 
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STRUCTURE    OP    ANIMALS. 

Size  ifMoM.'^^Hls  inQ  foftmrt.^^t^erietiei  in  tht  StmBwrt  ofAni^ 

maU.'^FarU  oftb^  Animal  Bodj. 

IN  taking  a  general  view  of  the  fbrmatioh  of  Mait^ 
a  circumftance  of  importance  is  his  fize^  cohfidered 
in  reladon  to  the  force  of  gravitation.  If  the  fize  of 
man  was  much  g;reater  than  it  is,  fuppofing  his  ilrength 
to  be  only  in  proportion,  his  motions  would  be  mucA 
(lower,  and  more  laborious ;  nor  wbuld  his  increald 
of  fize  be  entirely  compenfated  by  a  diniinudon  iii  tb6 
force  of  gravitation,  for  this  would  expofe  him  to  in* 
conveniences,  on  account  of  the  various  relations  in 
which  he  (lands  to  other  objefts.  On^  the  contrary, 
was  man  much  fmaller,  though  he  would  gain  in 
celerity  what  he  would  lofe  in  force,  yet  his  weaknefs 
would  incapacitate  him  for  afting  with  advantage  on 
confiderable  ma(re&  of  matter.  On  the  whole,  it 
(hould  feem,  that  neither  an  increafe  of  fize  with  an 
increa(c  of  gravitation  5  nor  a  diminution  of  fize  with 
a  diminution  of  gravitation  j  nor  an  increafe  of  either 
with  a  diminution  of  the  other,  would  in  general  fo  well 
fuit  the  conveniences  of  man,  and  his  relation  to 
other  beings,  as  the  ftate  in  which  he  at  prefent 
fubfifts. 

The  moft  (Iriking  difference  of  ftrufture  between 
man  and  the  other  animals  is  his  ereft  figure,  excel- 
lently adapted  to  the  more  cxtcnfivc  views  which  he 

was 
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was  defigned  to.  take  of  nature;  and  which,  inftead 
of  being  a  markkas  a  French  writer  pretends  to  think,  of 
human  arrogance,  in  departing  from  the  horizontal 
pofture,  which  was  allotted  to  man  in  common  with 
other  quadrupeds,  is  one  proof  of  the  diftance  which 
the  Deity  meant  to  interpofe  between  him  and  the 
reft  of  the  animal  creation.  That  author,  however,  de- 
nies the  fu'periority  of  man  in  every  refpeft;  and  main- 
tains, that  the  mental  acquirements  of  a  horfe  would 
not  be  inferior  to  thofe  of  a  man,  if  the  former  was 
furnifhed  with  fingers,  and  endued  with  the  fame  exqui- 
jBte  fenfe  of  feeling  which  the  latter  enjoys.  We  may 
grant  that  all  our  fimple  ideas  are  derived  from  the  in- 
formation of  our  fenfes ;  but  we  would  aflc  what  expcri- 
nients  diis.  philofophcr  or  Iiis  adherents  have  made,  to 
afcertain,  that  there  can  be  no  differences  in  the  ftruc- 
turc  of  intelleftual  organs  ?  and  upon  what  authority 
they  conclude,  that  all  the  varieties  we  obfcrve  in 
mental  endowments,  among  individuals  of  the  lame 
race,  as  well  a^  among  different  races  of  animals,  are 
folely  to  be  referred  to  differences  in  the  organs 
of  fenfe  ?  But  granting  all  that  he  requcfts,  how 
came  man  to  have  fingers  and  horfes  none,  if  they 
were  equally  defigned  to  gallop  through  the  foreft  ? 
—he  muft  either  have  made  fingers  for  himfelf,  or  he 
muft  have  been  originally  defigned  by  his  Maker  for 
nobler  occupations. 

The  ftrufture  of  man,  moreover,  in  feveral  other  par- 
ticulars, entirely  confutes  the  allertions  of  this  contemp- 
tible vifionary ;  but  widiout  attending  to  other  circum- 
ilanccs,  it  will  be  fufficient  to  mention  the  formation  of 
the  lower  extremirics  in  man,  fo  different  from  the  hind 
legs  of  quadrupecl:^  and  fo  admirably  adapted  to  the 
creft  pofturc.  By  feme  natnndifts  the  Ourang- 
Outang  is  confidercd  as  the  original  (lock  of  the  human 

race* 
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r2Ct.  His  claims  to  humanity  are  founded  upon  bis 
being  abk  to  walk  upright,  being  fumiftied  with  fuch 
mufcles  as  are  requifite  for  that  purpofc.  The  form 
of  his  heart,  lungs,  bread,  brains,  and  inteftines  are 
£milar  to  thofc  of  a  man.  He  can  fit  upright  with 
cafe,  and  can  handle  a  ftick  with  dexterity.  That  his 
race  is  diftinft,  however,  from  that  of  man,  is  evi- 
dent from  his  having  thirteen  ribs  on  each  fide,  where- 
as man  has  but  twelve.  He  has  not  the  faculty  of 
ipeech,  and  articulation  is  impoflible  to  him,  on  ac- 
count of  the  flrufture  of  the  parts  about  the  larynx. 

While,  however,  we  diffent  from  thefe  authors,  in 
finking  man  to  the  level  of  other  animals,  let  us  re- 
flcft  that  the  purpofe  of  nature  fcems  to  be,  to  diffufe 
life  and  enjoyment  wherever  they  can  exift ;  and  let 
us  avoid  the  oppofite,  narrow-minded,  and,  if  poflible, 
(till  more^bfurd  notion,  that  the  happinefs  of  man  is 
the  fole  objeft  o£  creation. 

In  the  animals  which  more  commonly  fall  under  our 
obfervation,  the  furface  is  Toft,  and  the  bones  are  deeply 
feated ;  but  in  others  the  revcrfe  happens,  and  we  ob- 
lerve  the  bones  forming  a  cafe  to  the  fofter  parts.  We 
fee  fonae  animals  furnifhed  with  wings,  to  (port  in  the 
regions  of  the  atmofphere  i  fome  immerfed  by  means 
of  a  heavy  fhell,  during  the  whole  of  their  exiftence, 
in  the  depths  of  the  ocean;  and  others  furniflied  with 
organs,  to  perforate  their  dark  paflage  through  the 
bowels  of  the  earth.  In  general  the  bones  of  animals 
are  filled  with  marrow,  but  in  many  kinds  of  birds  they 
are  excavated  for  the  reception  of  air,  fitting  them  for 
floating  more  eafily  on  the  furface  of  water,  and  at  the 
fame  time,  when  necefllty  requires,  for  remaining 
longer  beneath  its  furface.  In  fome  animals,  even 
the  brain  and  heart  efcape  our  moft  careful  refearches ; 
and  fome,  like  vegetables,  may  be  multiplied  frum 

the 
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|hc  limbs  of  Aeir  parents.  So  endlefs  indeed  are  thcfc 
differences,  that  rherc  is  perhaps  no  one  circumftance 
ef  ftrufture  or  fijhftion  common  to  all  anii)Tals.— — i 
But  let  us  return  from  thefe  cxtcnfivc  profpefts  to  Out 
jtonfideration  of  tht  ftrufture  of  our  own  fpecics.  • 

Before  we  phoceed,  however,  to  cbnfider  the  ftriic- 
tiire  of  the  body,  it  will  be  proper  to  premife  a  {c# 
Tery  brief  dcfinikidhs  of  the  moft  rcmal-kable  parts  of 
which  it  tonfifts. 

Bones  arfe  hard  fuhlbHces,  which  form  the  bafis  of 
the  body. 

Cartilages  are  firni,  fmbdth,  elaftic  bodies,  which 
coVer  the  ehds  of  the  bones. 

Mtifcfes  are  contraCtilfe  organs,  tvhich  arc  attached 
to  bbhiBs,  and  perform  the  motions  of  the  body. 

Tendons  are  tough  cords,  by  means  of  wHich 
miifcles  arc  attached  to  bones. 

Ligaments  are  ftrong  fibres  or  riiembranes,  which 
conncfl:  bones  to  each  other. 

Blood-veflels  are  membranous  flexible  tubes,  which 
ronvey  the  blood  to  and  from  the  heart* 

Lymphatics  are  tranfpartnt  tubes,  which  perform 
abforptlon. 

Nerves  are  white  cords  connedted  with  the  briih, 
and  arc  the  inftruments  of  fenfation  and  voluntary  mo- 
tion. 

Glands  are  organic  maflfes,  deftined  for  the  purpofc 
cf  fecretion. 
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Chap.      IV. 

STRUCTURE  OF   THE  BONES. 

.  J#«r/  camfilt  of  Fihrts  ;  cellular, ^The  Marrenn^-^^Wafte  dfBofU  im 
cU  Jge,^^tp'tfbjj€s.^P€rlofitum^^^Fpcgrefs  of  OJ/tficatiomj^^ 
ArtlaJaiwm. 

TH  E  body,  as  Hippocrates  long  ago  remarked, 
is  a  circle ;  and  therefore  at  whatever  point: 
we  were  to  begin  the  defcription,  we  (hould  ul^matelf 
be  equally  led,  by  the  connexion  of  parts,  to  the  con(U 
deration  of  the  whole.  Since  the  bones,  however,  may 
be  confidered  as  the  bafis  of  the  body,  on  which  the 
other  parts  depend  for  fituation  afd  fupport,  it  appears 
moft  eligible  in  the  firft  place  to  confider  their  (hii^re 
and  afes.   . 

The  bones  confift  of  fibres,  diftributed  in  lamella?  or 
plates  i  thefc  plates  are  not  clofcly  applied  to  each 
other,  but,  with  the  intervention  of  tranfverfc  fibres, 
conftitute  cells.  The  cells  are  diftributed  through  the 
fubftance  of  all  the  bones,  but  are  uniformly  moft  re- 
markable in  the  center,  and  on  the  furface  of  the  harder 
bones  are  {o  fmall  as  not  to  be  diftinftly  perceptible 
without  the  aid  of  glafies. 

The  marrow  which  fills  the  cavities  of  the  bones  is  a 
fat  oily  fubftance,  contained  in  a  fine  and  tranfparent 
membrane,  which  receives  numerous  blood -veflTcls, 
and  is  fupported  by  the  filaments  of  the  reticular  fub- 
ftance of  the  bones.  If  the  different  parts  of  a  bone 
are  obferved,  it  is  found  that  where  the  diameter  of  the 
bone  is  the  IcafV,  there  the  fides  are  thickeft  and 
moft    compadi    where    the    diameter    is    greateft, 

which 
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which  is  in  general  towards  the  ends  of  the  long  bones^ 
their  ftrufture'  is  very  cavernous  throughout.  The 
marrow  pervades  the  whole  fubftance  of  the  bones^  but 
is  mod  remarkiible  in  the  middle  part  of  the  cavities 
of  the,  long  bones.  Its  appearance  and  nature  alfo 
differ  in  different  bones,  or  in  the  fame  bone  in  the 
progrefs  of  life.  Thus  the  marrow  is  bloody  in  chiK 
dren,  oily  in  adults,  and  thinner  and  more  watery  in 
aged  people. 

At  the  time  of  birth,  the  bones  are  very  imperfcfl^ 
particularly  thofc  of  the  head ;  fo  that  by  being  move- 
able in  this  part,  and  folding  over  each  other  during 
tjie  time  of  delivery,  an  eafier  pafTage  is  procured  for 
the  infant.  There  are  many  projcftions  from  the 
bonies,  which  in  infancy  are  fbft,  but  which  in  the 
adult  ftate  are  bony ;  and  the  fame  tendency  to  the  for- 
mation of  bone  increafing  with  bur  years,  bones  which 
were  fcparate  in  the  prime  of  life  concrete  in  old  age- 
In  the  decay  of  the  body,  however,  the  bones  are  di- 
minilhed  with  the  other  parts,  fo  as  in  extreme  old  age 
to  weigh  a  third  lefs  than  in  the  middle  periods  of 
life. 

To  far  the  greater  number  of  bones  whofe  ends  arc 
not  joined  to  other  bones  by  immoveable  articulation, 
are  annexed,  by  the  intervention  of  cartilage,  fmaller 
bones,  called  epiphyfes  or  appendages.  In  young  fub-  , 
jedls  thefe  are  eafily  feparable,  but  in  adults  the  point 
of  conjunftion  is  not  very  perceptible. 

The  bones  are  furnifhed  with  a  tough  membrane, 
called  the  periofleum,  which  is  fpread  on  their  furface, 
and  the  principal  ufe  of  which  feems  to  be  to  convey 
blood- vcfTels  for  their  nourilhment ;  thefe  blood-veflcls 
arc  very  numerous  and  remarkable  in  the  bones  in  the 
infant  Ilatc,  but  become  gradually  lefs  fo  in  the  progrefs 
of  life. 

If 
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It  has  been  fuppofed  that  the  bones  were  formed  by 
the  fucceflivc  offification  of  layers  of  the  perioftcum. 
This  opinion,  however,  is  contrary  to  what  is  obfervcd 
on  cxanfiining  bones  in  the  progrefs  of  their  formation : 
and  is  alfo  difproved  by  feme  experiments,  in  which 
animals  were  fed  with  madder.  Their  bones  were 
found  to  be  tinged  in  proportion  to  the  length  of  time 
that  they  were  kept  on  this  food  j  but  neither  the  pc- 
riofteum  nor  the  cart'dages  were  altered  from  their  na- 
tural colour. 

The  moft  general  divifion  of  the  bones  is  that  into 
the  long  and  cylindVical,  and  the  flat  and  the  broad. 
The  offification  in  both  theft  kinds  of  bones  begins  ia 
the  middle,  at  feveral  points  at  a  time,  and  gradualljr 
extends  towards  the  ends  of  the  long  bones  and  the  cir- 
cumference of  the  broad. 

I'he  ends  of  the  long  bones,  where  they  are  united 
to  each  other,  are  larger  than  their  middle  part,  and 
feveral  advaritages  attend  this  ftrufture.  By  thefc 
means  the  furface  of  contaft  between  the  two  bones  of 
an  artiailacion  is  increafed,  their  conjunftion  conle-- 
quentiy  becomes  firmer,  there  is  more  fpace  for  the 
connection  of  mufcles,  which  alfo  act  more  powerfully 
from  their  axes  being  further  removed  from  the  mid- 
cilc  of  the  joint,  or  the  center  of  motion. 

The  bones  are  united  to  each  other,  either  moveably 
or  immovcably.  They  are  moveably  articulated  in 
three  ways  : — ift.  By  a  ball  and  focket,  which  admits ' 
of  motion  in  all  directions,  as  in  the  flioulder.  idly. 
By  a  hinge,  which  allows  motion  in  only  two  direftions, 
as  in  the  knee  ;  and  3dly,  By  a  long  procefs  of  one 
bone  received  into  the  cavity  of  another,  which  admits 
of  a  rotatory  motion,  as  in  the  articulation  of  the  firil 
and  Iccond  verti^bra^  of  the  neck.  The  immoveable 
articulation  of  bones  is  of  two  kinds :  ift,  where  nu- 
merous 
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fnerous  proccfies  of  two  bones^  like  the  teeth  of  iawsj 
are  mutually  received  into  each  other,  as  in  the  bones 
of  the  head ;  and  adiy,  by  the  growing  together  of 
bqnes  with  the  intervention  of  cartilage,  as  in  the  union 
of  the  OS  facrum  with  the  ofia  innominata. 

The  ends  of  bones  which  mo^  on  each  other  are 
tipped  with  fmooth  cartilage ;  and  the  friAion  is  ftitt 
iiirther  diminifiied  by  a  fluid,  much  more  flippery  than 
gil  itfelf,  which  is  called  the  fynovi^  The  moveable 
joints  are  alfo  furni0ied  with  ftrong  membranes,  caUed 
ligaments,  which  pafs  from  one  bone  to  another,  afibrd- 
ing  ib-ength,  and  retaining  the  he^ds  of  die  bones  in 
th^ir  cavities.  >  For  the  purpofes  of  articulation,  and . 
the  conne&iQn  of  ipufcles,  bones  are  uneven  on  their 
^tfface,  an4  have  numerous  elevations  and  depre(^ 
fions. 
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C  M  A  P.     V. 

Dt VISION  OP  THE  SKELETON,  WITH  THE  S0Ntt3 

OP  THE  HEAD. 

th  ikdinm  irie/fy  difiribid, — Somes  of  the  Cramum.'^Sonis  of  tbi 
,  fmcw^thi No/e^^ftbe  Palmte. — fbe  UfperdnJUfuUr  Jaw.^^ 
Fmm  wod  Pr^timt  of  tbi  H€Mt.^^iibftamt  ami  Siruaure  rf  tbi 
Moms  tfikt  Hiodj^Zisiuru^ 


TH  C  fkdeton^  by  which  is  underftood  all  the 
bones  of  the  body  in  their  proper  fituationS|  is 
divided  into  the  head^  trunk,  and  extremities. 

When  the  bones  are  put  into  a  natural  fituation^ 
Scarcely  any  one  of  them  will  be  found  to  have  a  per* 
pendicular  bearing  on  another  \  though  the  fabric  com-* 
pofed  of  them  is  ib  contrived^  that  in  an  ered  pofiure 
a  perpendicular  line  from  the  common  centre  of  gra-- 
vity  fells  in  the  middle  of  their  common  bafe.  On 
this  account,  we  can  fupport  ourfelvcs  as  firmly,  as  if 
Lhc  axis  of  all  the  bones  had  been  a  ftrait  line,  per- 
pendicular to  the  horizon  \  and  we  have  much  greater 
quick  nefs,  eafe,  and  ftrength,  in  feveral  of  the  neceflary 
motions,  as  well  as  other  advantages  in  the  fituation 
and  proteftion  of  the  vifcera.  It  is  true,  indeed,  that 
wherever  the  bones  on  which  any  part  of  the  body  is 
fuftained,  decline  from  a  ftrait  line,  the  force  of  the 
mufcles  required  to  counteraft  the  gravity  is  greatcT 
than  would  be  otherwife  neceflary  j  but  this  is  more 
than  compcnfated  by  the  advantages  above  men- 
tioned. 

The  bones  of  the  head  are  divided  into  thofe  of  the 
cranium  and  face.  The  cranium,  or  that  bony  cafe 
which  furrounds  and  protefts  the  brain,  confifts  of 
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eight  pieces  of  bone.  At  the  fore  part  is  placed  the  * 
OS  frontis ;  at  the  back  part  the  os  occipitis ;  at  the 
upper  and  fide  parts  the  ofla  parictalia  ;  at  the  under 
and  fide  parts,  the  offa  temporalia ;  in  the  fore  part  of 
the  bafe  the  os  ethmoidcs  ;  in  the  middle  of  it  the  os. 
iplienoidcs.  Thefe  two  latter  bones  are  common  to 
the  cranium  and  face, 

.  The  OS  frontis  is  fo  called  frorn  being  the  only  bone 
of  the  forehead,  though  it  extends  confiderably  farther 
upwards.  It  has  fome  refemblance  in  (hape  to  the 
concha  bivalvis,  commonly  called  the  cockle.  The 
greater  part  of  it  is  convex  externally,  and  concaye 
internally,  with  a  ferrated  circular  edge.  The  uppjur 
parr  of  the  os  frontis,  where  it  is  connefted  to  the  pa- 
rietal bones,  is  very  fmooth  and  convex,  but  below  it 
has  feveral  inequalities,  where  it  contributes  confider- 
ably to  the  formation  of  tlie  cavities,  in  which  the  eyes . 
are  lodged.  In  the  part  of  the  os  frontis  which  cor-» 
refponds  with  that  part  of  the  forehead  immediately 
above  the  eye-brows,  the  two  tables  of  the  bone  fepa- 
rate  by  the  external  being  protruded  outwards,  to  form  ' 
two  large  cavities,  called  frontalfinufcs.  Thefe  ca- 
vities communicate  with  the  external  air  by  means  of 
the  riofe.  The  frontal  bone  ferves  toTupport  and  pro* 
tcft  the  anterior  lobes  of  the  brain.  The  falx  of  the 
dura  mater,  of  which  I  fhall  have  occafion  to  fpeak 
more  fully  hcreafcer^  is  attached  to  a  ridge  or  furrow 
at  the  middle  and  internal  part  of  this  bone.  The  os 
frontis  is  pierced  with  fome  fmall  holes  for  the  paflago. 
of  blood-veflcls. 

Each  of  the  two  ofla  parictalia  is  an  irregular  fquare, 
Its  upper  and  fore  fides  being  longer  than  that  behin4 
or  below.  The  inferior  fide  is  a  concave  arch;  the 
middle  of  it  receiving  the  upper  and  round  part  of  the 
temporal  bone.     The  external  furface  of  each  parietal 

bone 
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IxMic  is  convex.     On  their  inner  concave  fiirface  we 
obfcrvc  a  number  of  deep  furrows,  difpofed  like  the 
branches  of  trees,  which  receive  the  blood-vcflels  of 
the  dura  mater.     On  the  iiifide  of  the  upper  edge  of 
the  o(fe  parietalia;  there  is  a  large  finuofuy,  where  tTie 
upper  part  of  the  falx  is  faftencd,  and  the  fuperior 
longirudinal  finus  is  lodged.     The  cfli  pirietalia  are 
the  mod  eqail  and  fmooth,  and  arc  among  the  thinneil 
bones  of  the  cranium  ;  and  yet  the  divifion  of  their 
fubftance  into  two  tables  and  a  diploe  is  no  whr^re  fo 
remarkable.     Thcfe  bones  are  joined  bcf;re  to  the  os 
froncis  by  the  coronal  future ;  at  their  long  inferior 
angles,  to  the  fphenoid  bone,  by  part  of  the  future  of 
this  name  5  at  their  lower-edge>  to  the  offa  temporum, 
by  the  lquanK>us  future ;  behind  to  the  os  occipitis, 
by  the  lambdoidal  future  j  and  above  to  one  another,. 
by  the  fagittal  future.     In  a  child  bom  at  the  full  time, 
none  of  the  fides  of  this  bone  are  completed,  and  the 
brain  is  in  general  not  completely  furrounded  by  a  bony 
cafe,  tiil  fix  or  (even  years  of  age. 
,      The  ofla  temporum  are  equal  and  fmooth  above, 
•     >fc'here  they  terminate  in  a  thin  femicircular  edge,  which 
is  laid  over  the  inferior  part  of  each  of  the  ofTa  parie- 
talia,  as  the  fcales  of  fifh  are  placed  over  each  other, 
c     forming  a  juncture,  which  is  on  this  account  called 
fijuamous.     Behind  this,  the  upper  part  of  the  tempo- 
ral bone  is  thicker,  and  more  unequal.     Towards  the 
!     bale  of  the  fkul  I,  the  temporal  bone   is  very  irngiilar 
t     *nd  unequal,  and  becomes  conrracfted  into  an  oblong 
J    ^cryhard  fubftance  ;  and  be  ing  extended  turwards  and 
*    Jnwards,  becomics  fmallcr,  and  is  called  the  os  pecro- 
'"'n,  which  contains  the  intern;il  parts  of  the  organ  of 
"^ring.     This  bone  has  three  rcm.irkabic  procr  ifcs. 
Thcfirft  placed  at  the  lower  and  poltLrior  jxiu  of  the 
*^c,  is  frwm  its  rd'cmblance  to  a  nipple  called  mai- 
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toides  or  mamillaris.  Within  it  is  compofed  of  fmall 
cells,  which  have  a  communication  with  the  organs  of 
hearing.  About  an  inch  farther  forward,  the  fecond 
procefs  begins  to  rife  from  the  bone;  and  having. its 
origin  continued  obliquely  downwards  and  forwards,  it 
becomes  fmaller,  and  is  at  length  united  with  a  cor* 
refponding  procefs  of  the  os  malas,  or  cheek*bone.  In 
this  manner  is  formed  a  bony  jugum  or  yoke,  under 
which  the  temporal  mufcle  pafles.  Hence  this  proceis 
of  the  temporal  bone  has  been  called  zigomatic.  From 
the  inferior  unequal  part  of  the  os  temporum  the  third 
procefs  (lands  out  obliquely  forwards;  the  fhape  of  it 
has  been  thought  to  refemble  the  ancient  ftylus  Icrip- 
torius,  and  it  is  tiierefore  called  the  ftyloid  procefs. 
The  chief  ufe  of  thcfc  proceflcs  is  to  afford  attachment 
to  mufcles.  Numerous  finuodties  or  deprcffions  of 
this  bone,  by  increaling  the  furface,  anfwer  the  fame 
purpofe.  This  bone  has  alfo  feveral  perforations,  one 
of  which,  fittiated  between  the  zigomatic  and  maftoid 
procefles^  is  the  orifice  of  a  large  funnel  or  canal,  which 
leads  to  the  organ  of  hearing. 

The  OS  occipitis,  fo  called  from  its  fituatton  at  the 
back  part  of  the  head,  like  the  other  bones  of  the  cra- 
nium, is  externally  convex,  and  internally  concave. 
Its  tigure  is  an  irregular  fquare,  or  rather  a  rhomboid  \ 
of  which  the  angle  above  is  generally  a  little  rounded  s 
and  the  lower  angle  is  extended  to  the  inferior  part  of 
the  cranium,  in  the  forniof  a  wedge,  and  is  thence  called 
the  cuneiform  procefs.  At  the  bafe  of  this  triangular 
prv)Cc  fs,  on  each  (ide  of  the  great  foramen,  througfi 
which  paflls  the  fpinal  marrow,  are  obferved  two  large 
oblong  pnxrelTes,  called  the  condyles,  which  fcrve  for 
the  articulation  of  the  cranium  with  the  iirll  vertebn 
of  the  neck.  «\rounil  the  great  foramen,  the  edges 
arc  un>niual^  for  the  lirmer  adhefion  of  the  llrong  cir- 
cular 
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Qibr  ligament  which  paflfes  from  the  circumference  of 
the  foramen  to  the  firft  vertebra.  On  the  in  fide  of 
cbe  occipital  bone  are  feveral  ridges  and  furrows  ;  to 
one  of  the  ridges  is  fixed  the  pofterior  part  of  the  falx, 
and  the  furrows  receive  th:^  finufes  which  run  in  this 
pait  of  the  cranium.  The  ridges  of  this  bone  form  a 
crofsy  and  round  the  middle  of  the  crofs  there  are  four 
large  deprefCons^  ieparated  by  its  limbs  3  the  two  up- 
per depreflfions  being  formed  by  the  pofterior  part  of 
the  brain,  and  the  two  lower  by  the  cercb.-Itum.  The 
inner  furface  of  the  cuneiform  procefs  is  hollowed  for 
die  reception  of  the  medulla  oblongata  and  the  bafilar 
arcerjr.  Befides  the  great  foramen,  there  are  feveral 
other  perforations  in  this  bone,  or  between  it  and  the 
adjoining  bones,  for  the  paflage  of  nerves  and  bloovi- 
veflek.  The  occipital  bone  at  its  upper  part,  where  it 
is  chiefly  ezpofed  to  injury,  is  very  thick  and  ftrong, 
but  lower  down,  where  it  is  protefted  by  the  ftrong  and 
chick  mufdes  which  are  inferted  into  it,  it  is  often  very 
chin.  The  occipital  bone  is  connefted  above  to  the 
ofia  parietalia  by  the  lair.bdoidal  future ;  laterally  to 
the  temporal  bones  by  a  continuation  of  the  fame  fu- 
ture i  below  it  is  firmly  conncfted  by  an  union  of  fub- 
(lance  to  the  fphcnoid  bone,  by  means  of  the  cuneiform 
procc-fs. 

The  OS  ethmoides,  or  fievelike  bone,  derives  its 
name  from  the  numerous  fmall  ajiertures  with  which 
ic  is  pierced  at  its  fore  part.  From  the  middle  of  the 
internal  fide  of  the  lamella,  which  is  fo  full  of  holes, 
2  thick  procefs  rifes  upwards  ;  and  being  highell  at  the 
fore  part>  gradually  becomes  lower  as  it  is  extended 
backwards.  From  a  fancied  refemblance  of  this  pro- 
cefs to  a  cocks  comb,  it  has  been  called  the  crifta- 
galli.  The  falx  is  connected  to  its  ridge,  and  to  the 
onperforated  part  of  the  cribriform  plate.  All  the  pro- 
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minenceS)  cavities^  and  meanders  of  the  ethmoid  bono 
are  covered  with  a  continuation  of  the  membrane  of 
the  noftrils.  The  ufes  of  this  bone  are  to  fuilain  the 
anterior  lobes  of  the  brain  5  to  give  paflage  to  the  ol-; 
h&.OYy  nerves,  and  attachment  to  tbc  falx }  to  enlai^ 
the  organ  of  fmelling,  by  allowing  the  membrane  of 
the  Hofe  a  greater  extent ;  to  form  a  part  of  the  Orbit 
of  the  c-yes,  and  the  feptum  varium. 

The  OS  fphenoides,  or  wedge  like  bone,  which  is  lb 

called  from  its  firuation  in  the  middle  of  the  bones  of 

the  cranium  a;^J  face,  is  of  a  very  irregular  figure,  and 

bears  fome  retcmblance  to  a  bat,  with  its  wings  ex* 

tendwd.     Tills  bone  ist  generally  divided  into  a  body^ 

and  two  fuleb  or  wings.     When  we  view  the  external 

part  of  the  os  fphenoides,  two  or  three  remarkabk  pro- 

ceflesi  from  each  fide  of  it  may  be  obfcrved,  which  are 

all  of  them  ?g.iin  fubdivided.     The  firft  pair  confifts  of 

the  two  large  lateral  proccflTes  or  wings ;  the  upper 

part  of  each  of  which  is  called  the  temporal  procefs, 

bccaufe  they  join  with  the  temporal  bones  in  forming 

the  temples  :  that  part  of  the  wings  which  projefts  to-? 

\vards  the  infide,  Ibmewhat  lower  than  the  temporal 

procelles,  and  is  fmooth  and  hollow^cd,  forms  part  of 

the  orbits.     The  lowed  and  back  part  of  each  wing 

runs  out  with  a  (harp  point,  called  the  fpinous  procefs^ 

to  meet  the  point  of  the  pars  petrofa  of  the  temporal 

bone.     The  lecond  pair  of  external  proceflcs  of  the 

fphenoid  bone  are  the  aliform  or  pterygoid,  and  which 

ftand  out  almotl  perpendicular  to  the  bafc  of  the  fkulU 

F-ach  of  them  has  two  plates  and  a  middle  fofiaat  the 

poftcrior  furface.     Of  tiicfc  plates,  the  exterior  is  the 

broaJell ;  the  interior  are  longell,  and  terminate  in  ^ 

hook-like  procefs.     Another  pair  of  proceflcs  may  be 

mentioned,  viz,  the  little  triangular  thin  proccflci  which 

come  frv^>m  each  fi  Jc  of  the  Iphcnoid  bone,  where  the 

pterygoid 
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pterygoid  proccflcs  rife  from  it ;  thefc  are  extended  to 
join  the  ethmoid  bone.  The  external  furface  of  this 
bone  is  every  where  covered  with  depreflions,  finuo- 
fineSj  and  foflac.  Within  there  are  three  remarkable 
foffie ;  two  of  thefc  are  feated  in  the  internal  part  of 
toch  wing  of  the  fphenoid  bone,  for  receiving  the  mid- 
dle part  of  the  brain.  The  third,  which  is  fmallcr,  is 
feated  on  the  top  of  the  body  of  the  bone,  which  from 
its  refemblance  to  a  Turkifh  f^.ddle  is  defcribed  under 
die  name  of  fella  turcica.  In  this  fofTa  a  gland  called 
the  pituitary  is  placed  j  behind  and  before  it  are  the 
clinoid  proceffes.  The  holes  on  each  fide  of  the  os 
fphenoides  are  fix  proper  and  three  common.  The 
firft  is  a  round  aperture,  immediately  below  the  anterior 
clinoid  procefles,  which  tranfmits  the  optic  nerve  and 
ocular  artery.  The  fecond,  which  is  a  large  flit,  and 
is  called  the  foramen  lacerum,  tranfmits  the  third, 
fourth,  fixth,  and  the  firft  branch  of  the  fifth  pair  of 
nerves.  The  third  hole,  Ctuated  a  little  lower,  is  called 
rotundum  from  its  Ihape,  and  tranfmits  the  fecond 
branch  of  the  fifth  pair  of  nerves.  The  fourth  is  the 
foramen  ovale,  about  half  an  inch  behind  the  foramen 
rotundum;  through  it  pafles  the  diird  branch  of  the 
fifth  pair.  Very  near  the  point  of  the  fpinous  proce^ 
is  the  fifth  hole  of  this  bone,  which  is  fmall  and  round, 
and  gives  paflage  to  the  largeft  artery  of  the  dura  ma- 
ter. The  fixth  proper  hole  cannot  well  be  feen  till  the 
cuneiform  bone  is  removed  from  the  other  bones  of 
the  cranium — for  one  end  of  it  is  hid  by  a  fmall  pro- 
tuberance of  the  internal  plate  of  the  pterygoid  proccls, 
and  by  the  point  of  the  proceflbs  petrofus  of  the  tem- 
poral bone.  Through  it  a  confiderable  branch  of  the 
fifth  pair  of  nerves  is  reflecled.  The  firft  of  the  com- 
mon apertures  is  that  unequal  fiffure  at  the  fide  of  the 
fcUa  turcica,  between  the  extreme  point  of  the  os  pe- 
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trofum  and  the  fpinous  procefs  of  the  cuneiform  bone. 
This  perforation  only  appears  after  the  bones  aic 
boiled  s  for  in  a  recent  fubje6t,  its  back  part  is  covered 
bjr  a  thin  bony  plate,  which  lies  over  the  internal  can 
rotid  artery,  and  farther  forward  it  is  filled  with  A 
cartilaginous  ligament,  under  which  the  cardlag^- 
'  nous  part  of  the  euftachian  tube  is  placed :  it  w«s 
by  this  pailage  that  the  anc^ients  believed  the  fliniy 
matter  was  conveyed  from  the  glandula  pituitaria  to 
the  fauces.  The  fecond  aperture  is  a  large  diicontir 
nuation  of  the  external  fide  of  the  orbit,  left  between 
the  orbitar  procefTes  of  the  fphenoid  bone,  the  os 
maxillare,  make,  and  palati.  The  third  common  apcr« 
ture  is  formed  between  the  bafe  of  this  bone  and  the  root 
of  the  orbitar  procefs  of  the  palate  bone  of  each  fide. 

Under  the  fella  turcica,  within  the  fubftance  of  the 
fphenoid  bone,  are  two  finufes,  feparated  by  a  boigr 
plate,  which  are  lined  with  a  membrane,  and  open  into 
the  noftrils. 

The  fphenoid  bone  is  joined  to  all  the  bqnes  of  the 
cranium,  and  likewife  to  the  offa  maxillaria^  oila  malo- 
rum,  ofTa  palati,  and  vomer. 

The  face  is  divided  into  the  upper  and  under  max- 
ilte  or  jawst  The  upper  jaw  is  the  immoveable  part 
of  the  face,  which  confifts  of  fix  bones  on  each  fide, 
and  a  thirteenth  i^  the  middle.  The  thirteen  bone$ 
are,  two  ofia  nafi,  t>yo  oiTa  unguis,  two  ofia  ma« 
larum,  two  oiTa  maxillaria.  twp  o0a  palati,  two  ofia 
fpongiofa  inferiora,  and  the  vomer.  The  ofia  naQ 
are  placed  at  the  upper  part  of  the  nofe  s  the  ofia  un-t 
guis  are  the  internal  canthi  of  the  orbits  \  the  ofia  m^* 
larum  form  the  prominence  of  the  cheeks^;  the  ofia 
maxillaria  form  the  fide  of  the  nofe,  with  the  whole 
lower  and  fore  part  of  the  upper  jaw,  and  the  greate(^ 
part  of  the  roof  of  the  mouth ;  the  ofia  palati  arq 
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fituated  at  the  back  part  of  the  palate,  noftrilsj  and 
orbit ;  the  ofla  fpongiofa  are  feen  in  the  lower  pare  of 
the  noftrils ;  and  the  vomer  helps  to  feparaie  thefe  two 
cavities.  The  bones  of  the  face,  befides  being  con- 
oed:cd  to  the  bones  of  the  cranium  by  futures,  com- 
mon to  them  with  the  bones  of  the  cranium,  are  joined 
to  each  other  by  fifteen  futures,  which  it  would  be  te- 
dious to  defcribe.  Neither  does  a  defcription  of  the 
fonn  and  connexion  of  each  of  thefe  fmall  bones  fall 
in  with  the  g^eral  view  of  the  fboifhire  of  the  body 
which  I  propofe  to  take. 

The  lower  jaw  in  the  adult  conGfb  of  only  one  bone. 
In  form  it  refembles  a  horfe-fhoe,  the  convex  part  of 
which  is  turned  forwards,  and  forms  the  chin.  At  its 
back  part  this  bone  is  bent  upwards,  and  terminates  in 
two  proccflcs.  The  anterior  of  thefe,  which  rifes 
higheft,  is  a  thin  point,  into  which  mufcles  are  inferted. 
The  pofterior  procefs  terminates  in  an  oblong  fmooth 
bead  dpped  with  cartilage ;  it  is  called  the  condyloid, 
and  is  received  into  a  fofla  of  the  temporal  bone,  where 
it  is  capable  of  very  extenfivc  motion.  There  is  a  ca- 
vity through  the  fubflance  of  this  bone,  which  receives 
a  large  twigg  of  the  third  branch  of  the  fifth  pair  of 
nerves.  This  begins  at  the  bottom  of  each  coronoid 
procefs,  and  terminates  externally  near  the  chin.  This 
bone  is  fumifhed  with  an  outer  and  inner  bony  place, 
called  the  alveolar  procefles,  for  retaining  the  teeth 
with  firmnefs.  In  each  of  the  jaws  are  placed  fixteen 
teeth ;  fo  that  the  head,  if  we  include  the  os  hyoides, 
a  fmall  bone  rit?uated  under  the  chin,  confids  in  the 
adult  of  fixty-three  pieces. 

With  refpeft  to  the  form  of  the  cranium,  whenfeen 
from  above,  and  when  the  forehead  is  placed  next  the 
^ye,  it  very  much  refembles  that  of  an  egg,  the  os 
frontis  correfponding  to  the  fmaller  end  of  it,  and  the 
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OS  occipitis  to  the  greater.  When  feen  in  any  other 
point  of  view,  however,  this  rcfemblance  is  not  pef- 
ceptibk.  The  fides  of  the  head  arc  flat,  and  the  lower 
part  is  flat  and  irregular.  The  bones  of  the  face  con- 
-ftitute  an  imperfeft  triangle.  The  fizc  of  the  head, 
in  a  well-formed  pcrfon,  is  to  the  reft  of  die  boJy  as 
one  to  nine. 

The  fubftance  of  the  bones  of  the  cranium  is  in 
general  made  up  of  two  tables  or  plates,  with  thcih- 
fcrpofition  of  a  fpongy  cavity.  The  external  tabic  is 
thicker,  fmoother,  and  covered  with  the  periofteum; 
the  internal  is  thinner,  more  uneven,  more  brittle,  and 
is  lined  with  a  thick  vafcular  membrane,  called  the 
dura  mater. 

The  bones  of  the  head  are  united  to  each  other  by 
a  number  of  tooth-like  proccflcs ;  and  thefc  joining^ 
are  called  futures.  The  coronal  future  runs  acrois  the 
head,  and  conneds  the  frontal  bone  to  the  parietal 
ibones.  The  fagittal  future  divides  the  upper  part  of 
the  head  into  two  equal  parts.  It  connefts  the  two 
parietal  bones  to  each  other,  and  paffcs  from  the  mid- 
dle of  the  frontal  to  the  middle  of  the  occipital  bone. 

The  lambdoid  future  is  interpofed  between  the  back 
and  forfe  parts  of  the  cranium,  or  between  the  occi- 
pital and  two  parietal  bones.  The  two  fquamofo 
futures  conneft  the  temporal  bones  to  the  parietal. 
There  are  alio  many  lefs  remarkable  futures,  which 
join  the  bones  of  the  face  to  thofc  of  the  cranium* 
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THE    TEETH- 

QemrmI  Defcriftian  •/  the  l'€etb.'T^Tncifir€S.''-^aniML'^Mj!ar.ii.'^mB 
Enamel  pf  the  Teeth, — Grovstb  0/ the  Teeth. ^^The  FaceLugtheRed 
itfter  Eight  Tears  t*f  Age^^Varieties  in  the  Teeth  cf  liijlrent  Jni^ 
mals. 

TH  E  teeth,  both  of  the  upper  and  lower  jaw, 
are  fixed  in  fockets  of  the  jaw-bones,  formed  of 
thin  bony  lamellae.  That  part  of  the  teeth  which  pro- 
jcfts  beyond  the  gums,  is  called  their  body  ;  the  exter- 
nal termination  of  the  body,  the  corona  or  crown  j  and 
that  which  is  hid,  and  which  terminates  in  a  wedge- 
like  point,  is  called  the  radix  or  root.  The  roots  of 
the  teeth  are  perforated  at  their  extremities,  for  the  re- 
ception of  nerves  and  blood- veffels. 

The  teeth  are  divided  into  three  orders.  The  four 
front  cutting  teeth,  are  called  incifores.  Next  to  thefc 
is  placed  on  each  fide  a  tooth,  called  from  its  form  the 
canine  or  dog-tooth ;  and  laftly,  on  each  fide  five  mo- 
lares  or  grinding  teeth.  The  laft  tooth  on  each  fide, 
from  its  not  being  cut  till  after  the  age  of  puberty,  is 
alfo  called  dens  fapientias,  or  the  tooth  of  wifdom. 

The  four  incifores  are  fmaller  and  narrower  in  the 
lower  than  in  the  upper  jaw.  The  corona  of  the  incifores 
is  broad  and  (harp,  and  in  children  is  much  notched. 
The  roots  of  the  incifores  are  Ihort,  and  terminate  in 
a  fingle  blunt  apex.  The  canine  teeth  are  ftronger,  more 
acute,  and  more  deeply  rooted  than  the  incifores. 
Thev  are  convex  before  and  concave  behind,  and  arc 
fitted  for  tearing  our  food  tq  pieces.  The  molares,  by 
the  enrunences  on  the  corona,  and  by  their  broad  upper 
furfaces,  are  evidently,  as  their  name  cxpreffes,  de- 
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ligned  for  the  grinding  of  the  food.  The  anterior 
molares  are  fmaller  and  lefs  uneven  on  the  corona  than 
the  pofteriori  the  ftrongeft  being  placed  neareft  the 
articulation  of  the  jaw-bone,  becaufe  there  we  caa 
exert  the  greatcft  force.  The  roots  of  the  molares  arc 
long  and  pointed ;  each  tooth  has  two,  three,  four,  and 
fometimes,  though  very  rarely,  five  roots.  'J  he  roots 
fbmetimes  (land  feparate,  fbmetimes  are  concreted 
together  J  fome times  they  are  ftrait,  fometimes  crooked* 

The  fubftance  of  the  teeth  is  compaft.  The  corona 
is  covered  with  a  curious  fubftance,  called  the  enameL 
This  is  thin,  white,  fhining^  and,  being  the  hardeft 
and  moft  compaA  fubftance  in  the  body,  is  admirably 
adapted  to  the  purpofes  of  maftication. 

It  is  fcarcely  neceilary  to  remark,  that  in  eating  we 
only  move  the  lower  jaw,  and  that  the  upper  is  on  all 
occafions  fixed  and  immoveable. 

In  the  infant  ftate,  two  fets  of  teeth  are  already  ob* 
'fcrvablc  in  the  jaw-bones.  In  the  cutting  of  the  teeth, 
the  incifores  firft  make  their  appearance,  in  general 
about  the  eighth  month;  and  afterwards,  at  about  two 
years  of  age,  two  molares  and  the  dog-tooth.  The  firft 
fct  of  teeth  when  complete  is  but  twenty  in  number, 
▼iz.  eight  incifores,  eight  molares,  and  four  canini. 
In  the  fecond  fet  are  added  twelve  molares,  viz.  three 
on  each  fide  in  each  jaw,  making  the  complete  fct  in 
the  adult  thirty-two.  To  make  room  for  this  addition, 
the  jaws  undergo  a  gradual  elongation.  Hence  the 
face  is  fo  much  lengthened  from  eight  to  eighteen  years 
of  age.  About  the  feventh  year  the  fecond  fet  begins 
to  fupply  the  place  of  the  firft,  which  by  this  time  be- 
come loofe,  by  the  wafte  of  the  fockets  and  the  growth 
of  the  teeth  below. 

If  we  extend  our  views  to  the  lower  animals,  wc 
(hall  find  no  part  of  the  body  more  various  among 
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dificrent  races  than  the  teeth.  This  circumftance  is 
fi>  refnarkable,  that  Linnaeus  has  employed  it  in  the 
^iftribution  of  the  (irft  dais  of  animak  (the  mammalia) 
into  its  leveral  orders.  To  enumerate  all  the  yarieties 
of  teeth  would  be  iippoflible,  and  at  prefent  it  would 
be  fuperfluous.  Let  it  be  remarked,  however,  that 
diey  are  not  without  their  ufes,  and  that  every  animal 
experiences  the  advantages  of  its  own  peculiar  (true- 
cure. 
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Chap.    VIL 
bones  of  the  trunk* 

ifhte  or  Back  BoMt.'^Htnt}  the  Head  is  moved.'^Tbe  Thcra^.^i^ 
The  Pel'vis, '^Principal  Marks  of  Diftlnciion  between  the  Mult  amd 
Female  Skeleton^ 

THE  bories  of  the  trunk  are  divided  into  thofe 
of  the  fpine  or  back-bone,  the  thorax  or  cheftj 
and  the  pelvis.  The  fpine  confifts  of  twenty-foui* 
pieces  of  bone  called  the  vertebras  j  feven  of  thefe  be- 
long to  the  neck,  twelve  to  the  back,  ^nd  five  to  tha 
toins.  The  thorax  confifts  anteriorly  and  latterly  of 
twelve  ribs  on  each  fide  of  the  fternum  or  bread- 
bone,  and  part  of  the  fpine  behind.  The  pelvis  is 
compofed  of  four  bones;  two  oflTa  iniiominata  or  hip* 
bones ;  the  os  facrum,  and  the  os  coccygis. 

That  fcries  of  bones  called  the  fpine  forms  d  ccm 
lunr.n  larger  below  than  above,  fmooth  and  found 
before,  very  rough  and  uneven  behind,  and  holloa 
within.  The  bones  of  the  fpine  are  joined  to  each 
other  by  cartilages,  in  the  centre  of  each  of  which  19 
contained  a  fluid;  a  curious  circumftance  of  ftrufture 
firft  difcovered  by  the  late  Dr.  Monro  of  Edinburgh* 
The  chief  advantage  of  this  ftrufture  is,  that  this 
fluW,  when  confined,  has  all  the  refiftance  of  a  fplid 
body,  without  its  hardnefs,  which  in  this  part  mighc 
be  attended  with  very  bad  confequcnces. 

The  head  is  connefted  to  the   upper  vertebra  of 

the  neck  by  two  fmooth  projeftions  of  that  vertebra^ 

which  are  called  the  condyls,  being  received  into  two 

correfponding  cavities  in  the  under  part  of  the  era- 
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niutn.  By  means  of  this  joint  wc  move  the  head 
backwards  and  forwards  on  the  fpine,  or  perform  the 
adion  of  nodjing.  As  it  is  neceffary,  however,  for 
the  head  to  have  alfo  a  rotatory  motion,  we  hero 
find  a  peculiarity  of  ftrufture  to  which  there  is  no* 
thing  limilar  in  any  other  part  of  the  body.  In  the 
upper  furface  of  the  fecond  vertebra  of  the  neck  there 
is  a  long  tooth-like  procefs  or  proje<ftion,  which  is 
received  into  a  perforation  of  the  firft  vertebra. 
This  procefs  is  rendered  fmooth  by  a  covering  of 
cartilage ;  it  paflfes  quite  through  the  vertebra  above 
it,  and  is  conneAed  to  this  as  well  as  to  the  cra- 
nium by  itrong  ligaments,  which  give  ftrength  to 
the  connedtion,  and  guard  againft  the  efFefts  of  a  too 
extcnOve  aK)tion.  The  rotatory  motions  of  the  head, 
therefore,  arc  not  performed  on  the  firft  vertebra  of 
thc*neck,  but  on  the  fecond  ;  the  firft  vertebra,  with 
the  bead,  moving  on  the  tooth-like  procefs  of  the 
iecond  vertebra,  as  a  wheel  moves  on  its  nave. 

The  fpine,  however,   though  it  forms  a  column, 

does  not  form  by  any   means  an  upright  column. 

The  fpine,  viewed  fideways,  if  the  os  facrum  is  confi- 

dcrcd  as  a  continuation  of  it,  is  bent  very  much  in  the 

form  of  the  letter/.     In  the  neck  it  projedb  fome-^ 

'"hat  forwards,  lower  down  it  takes  a  curved  direc- 

'^on  backwards,  to  make  room  for  the  heart  and  lungs* 

'n  the  loins  it  advances  again  forwards  under  the  center 

of  gravity,  fo  as  to  fupport  the  abdominal  vifcera;  and 

^'^   the  pelvis  it  recedes  backwards,  fo  as  confiderably  to 

^'^ large  that  cavity. 

Each  vertebra  is  divided  into  a  body  and   feven 

I^t*c[]^6lions,   apophyfcs  or  proccffes.     The   body   is 

l^l^ctrd  before,  it  is  fmooth,  of  a  roundifh  form,  and 

^    '"cmarkably  fpongy  texture.     The  proceflfes  are   of 

*•   J^uch  firmer  texture,  and  projcft  backwards.   Two 

of 
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of  thcfe  proccffes  are  called  the  fuperior  oblique^  and 
afccnd  obliquely  from  the  upper  part  of  the  vertebra  i 
two  arc  called  the  inferior  oblique,  and  defcend  ob- 
liquely from  the  lower  part ;  two  are  called  the  tran^- 
verfe,  and  projefl:  fideways;  and  one  is  called  the 
^inous,  from  its  refemblance  to  a  thorn,  which  pro- 
jcfts  direftly  backwards.  Of  thefe  proceflcs  the 
ipinous  and  tranfverfc  arc  the  mod  prominent  The 
oblique  procefles  feem  chiefly  defigned  for  the  articu- 
lation of  the  vertebra  with  each  other,  and  are  there- 
fore alfo  called  articular  procefles.  All  the  vertebrae 
arc  perforated  for  the  reception  of  the  fpinal  mar- 
row, and  alfo  have  notches  for  the  tranfmiflion  of 
nerves. 

The  ufes  of  the  fpine  are  to  fupport  the  body  in 
an  ereft  pofture,  and  at  the  fame  time,  by  the  num- 
ber of  joints  with  which  it  is  furniflied,  to  admit  of  a 
free  motion,  without  danger  of  comprefljng  the  fpinal 
marrow,  which  it  is  defigned  to  protcdt.  It  is  formed 
larger  below  thzn  above,  becaufe  the  lower  parts  of  ic 
have  a  greater  weight  to  fupport  than  the  upper;  and 
becaufe,  when  the  body  is  bent,  that  weight  afts  with 
the  longed  lever  againft  that  part  of  the  fpine  which 
ii  farthcft:  removed  from  it. 

In  very  young  children,  each  vertebra  confifts  of 
three  pieces  of  bone  united  by  cartilage.  As  the 
fpine  contains  fo  important  a  part  as  the  fpinal  mar- 
row, we  obfervc  a  felicitous  care  taken  by  Provi- 
dence, that  the  vertebrae  fliould  not  be  disjointed^ 
Befides  being  connedcd  by  ftrong  ligaments,  pro- 
portioned to  the  forces  wliich  are  to  be  refifl:ed,  the 
vertebrae  of  the  neck  enter  into  each  other,  thofe  of 
the  back  are  propped  by  the  ribs,  and  thofe  of  the 
loins  have  fo  large  a  furface  of  contaft,  as  to  rendct 
their  reparation  almofl:  impra<5licable. 

The 
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The  thorax  is  a  bony  cavity,  narrow  above,  wide 
below,  and  arched  behind  and  at  its  fides. 

The  Itemum  or  brcaft-bone,  which  forms  the  an- 
terior part  of  the  thorax,  is  of  a  fpongy  confiftence, 
and  of  a  flat  and  nearly  triangular  form ;  in  infancy 
it  confifts  of  many  parts,  in  the  adulc  ftate  of  only 
two,  or  fometimes  thiee.  The  upper  part  is  broad 
and  thick,  the  lower  narrov/  and  thin.  The  loweft 
part  of  the  fternum,  from  its  refcmblance  to  a  dag« 
ger^  and  its  cartilaginous  nature,  is  called  cartilago 
enfifbrmis.  The  upper  part  of  this  bone  is  notched 
for  the  f  aflagc  of  the  wind-pipe,  and  there  are  two 
cavities  in  its  fides  for  the  articulation  of  the  cla* 
vicles  or  collar-bones.  There  are  alfo  fcven  fmall 
holes  on  each  (ide,  for  the  articulation  of  feven  ribs. 
Its  ufes  arc  to  fupport  the  ribs,  to  proteft  the  lungs 
and  heart,  and  to  furniih  connexion  to  a  muicular 
organ,  which  will  be  afterwards  confidered,  called  the 
diaphragm. 

The  ribs  which  conftitute  the  greater  part  of  the 
aavity  of  the  thorax,  are  fomev/hac  of  a  femicircular 
form  ;  they  pafs  from  the  fpine  towards  the  fternum  ; 
they  are  not  conneded,  however,  to  the  vertebras 
ihemfelves,  but  to  the  carcilagino-ligamentous  fub- 
ftance  which  connects  the  vrrtcbras/  to  each  other. 
At  the  pofterior  part  the  rib  has  two  proceffes  ;  one 
of  thtfe,  by  which  it  is  connefted  between  two  verte- 
bras, is  called  its  head  j  anccher  is  articulated  with 
the  tranvcrfe  procefs  of  the  ver:cbnc  immediately 
below,  and.  is  called  its  tuberofitv.  Advancino:  far- 
ther  on  this  external  furface,  we  obfcrve  on  mod  of 
the  ribs  another  fmaller  tubercle,  into  which  liga- 
ments conncfting  the  ribs  to  each  other,  and  to  the 
tranfverfc  proceffcrs  of  the  vertebrae,  and  portions  of  the 
longiflimus  dorfi,  are  inferred.  Beyond  this  the  ribs 
^  \||L.  IIL  I  mak8 


1x4  tbcRibs.  [Book  IX, 

make  a  coofiderable  curve,  ftmetimes  called  their  an* 
gle.  The  ribs  then  begin  to  become  broad>  and  continue 
lb  to  their  anterior  end,  whereas  near  the  fpine  they 
are  nearly  round.  To  the  fore  end  of  each  rib  a  long 
broad  and  flirong  cartilage  is  fixed,  and  reaches  thence 
to  the  ilemum>  or  is  joined  to  the  cartilage  of  the  next 
rib.  The  ribs  arc  twenty-four  in  number,  twelve  being 
placed  on  each  fide.  They  are  divided  into  the  true 
and  the  &lfe  ribs  ^  the  feven  uppermoft  on  each  fide, 
which  are  conne£ted  to  the  fternum^  being  called  true^ 
and  the  remaining  five  falfe. 

The  upper  rib  is  fo  placed,  that  its  connection  with 
the  ftemum  is  fomewhat  higher  than  that  with  the 
ipine,  and  the  two  connexions  of  the  fecond  rib  are 
about  horizontal ;  alt  the  other  ribs,  however^  point 
obliquely  downwards,  as  they  approach  the  fternumt 
and  this  obliquity  increafes  as  we  advance  lowjcr.  A 
neceflary  confequencc  of  this  ftrufture  is,  that  when 
the  ribs  are  raifcd,  they  muft  be  brought  nearer  to  a 
right  angle  with  the  fpine,  and  that  the  cavity  of  the 
cheft  muft  be  enlarged.  The  upper  rib  is  fixed,  buQ 
the  fecond  and  every  fuccceding  rib  is  gradually  more 
moveable  than  that  placed  immediately  above  it. 

The  feven  upper  ribs,  called  the  true  ribs,  ar^  as 
was  before  remarked,  connefted  to  the  fternum ;  the 
three  upper  of  the  falfe  ribs  are  not  conneftcd  to  the 
fternum,  but  adhere  to  each  other,  and  to  the  cartila- 
ginous anterior  part  of  the  lowcft  of  the  true  ribs.  The 
two  loweft  of  the  falfe  ribs  are  only  connefted  to  the 
fpine  by  one  articulation,  and  have  their  other  end  no 
t)riierwife  fupported  than  by  the  mufcles  and  mem- 
branes with  which  they  are  furrounded.  By  thisftruc- 
ture  the  trunk  of  the  body  is  rendered  more  flexible  at 
its  lower  part,  where  moft  motion  is  required. 

The  ul*s  of  the  ribs  are  to  form  the  lateral  parts  of 
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die  thorax ;  to  render  die  cavity  of  the  thorajc  larger 
or  finaUer  in  breathing  ;  to  protect  the  vifcera  of  the 
diorax  s  to  give  origins  and  infertions  to  a  variety  of 
muicles ;  and  to  fupport  the  nummns  or  brcafts. 

The  pdvis,  fb  called  from  its  refemblance  to  a  bafin^ 
conftituccs  the  loweft  part  of  the  trunk*  Its  pofterior 
part  is  formed  by  the  os  facrum^  and  its  lateral  and  an- 
terior parts  by  the  ofla  innominata. 

The  OS  (acrum  may  be  ccnfidered  as  a  continuation 
of  die  ipinej  and  ibme  aniitomifts  have  called  both 
'  this  bone  and  the  os  coccygis  by  the  name  of  the  falie 
vertebrae.  The  os  iacrum  is  a  large  thick  bone,  of  a 
triangular  form  i  its  broadeft  part  is  placed  uppermod, 
and  its  narroweft  is  turned  downwards  and  inwards. 
The  pofterior  fur&ce  of  this  bone  is  convex,  the  an^ 
terior  concave.  The  two  lateral  margins  of  it  are  in« 
cnifled  with  cartilage^  by  the  help  of  which  it  is  im- 
oioveably  connected  with  the  ofla  innominata.  In  the 
middle  of  this  bone  there  is  a  canal  for  the  fplnal  mar- 
row, correlponding  with  that  in  the  vertebrse  of  the 
fpine  I  and  on  the  anterior  furface  there  are  ten  per-* 
feradons,  for  the  pai&ge  of  as  many  nerves.  On  the 
poUerior  part  there  are  many  protuberances,  which, 
like  the  proccfles  of  the  venebra?,  ferve  for  the  inier- 
tion  of  mufcles. 

The  05  coccygis  is  a  fmall  bone  of  a  pointed  fhape, 
adhering  to  the  lower  part  of  the  os  facrum.  The  09 
coccygis  is  in  in&ncy  compofcd  of  fevera]  pieces  of 
bone^  which  coalefce,  however,  in  the  adult  ftate.  It 
may  be  confidered  as  a  continuarion  of  the  os  facrum, 
and  is  bent  in  the  fame  diredion  with  that  bone. 

The  ofla  innominata,  which  form  the  fides  and  fore 
^art  of  the  pelvis,  are  tv/o  large  broad  bones,  which  in 
infancy  conGft  each  of  them  of  three  diftind  pieces; 
but  as  we  advance  in  life,  the  intermediate  cartilages 
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gradually  oflify,  and  the  marks  of  the  original  reparation 
difappcar,  fo  that  they  become  one  irregular  bone. 
They  ftill,  however,  retain  the  names  of  ileum,  ifchium, 
and  pubis,  by  which  their  divifions  were  originally  dif- 
tinguiflied,  and  are  defcribed  as  three  different  bones, 
by  ^hc  generality  of  anatomifts.  Theoffa  innominaCa 
are  connefted  poftcriorly  to  the  os  facrum,  by  a  firm 
cartilaginous  fubftance. 

The  OS  ileum  or  haunch-bone,  forms  the  higheft  and 
moft  confidcrable  part  of  the  os  innominatum.  The 
external  fide  of  the  ileum  is  unequally  convex,  and  is- 
Called  its  dorfum :  the  internal  concave  furfacc  is  by 
fome  authors  named  its  cofta.  The  femicircular  edge 
at  the  higheft  part  of  this  bone,  which  is  tipped  witli 
cartilage  in  the  recent  fubjeft,  is  named  the  fpine. 
This  has  two  conCderable  projeftions  5  one  anterior, 
and  the  other  pofterior,  which  is  die  larger  of  the  twow 
Thefe  ends  of  the  (pine  being  more  prominent  than 
t'nc  furface  of  |he  bone  below  them,  are  therefore  called 
the  anterior  and  pofterior  fpinous  procefles.  Below 
the  anterior  fpinous  procefs  another  protuberance  pro- 
jedfs,  which  by  its  fituation  may  be  diftinguiflied  from 
the  former,  by  adding  the  epithet  of /^<?r/Vr.  Between 
thefe  two  anterior  procefles,  the  bone  is  hollowed. 
Below  the  pofterior  fpinal  procels  a  fecond  protube-^ 
ranee  of  the  edge  of  this  bone  is  alfo  to  be  obferved, 
which  is  clofely  applied  to  the  os  facrum.  lender  this' 
laft  procefs  a  confiderable  niche  is  obfervablc -jn  the  os 
ileum ;  between  the  fides  of  which  and  the  ftrong  liga- 
ment which  is  ftretched  over  from  the  os  facrum  to  tbe 
fharp-pointed  procefe  of  the  os  ifchium  of  the  receuc 
fubjeft,  a  large  hole  is  formed,  through  which  the 
Biufculus  pyrifomiis,  the  great  fciatic  nerve,  and  the 
pofterior  crural  veflels,  pafs,  and  are  pfotcfted  from 
compreflion-^    The  internal  furfacc  of  the  oS  ileum  iA 

concive 
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concave  in  its  broadeft  fore  parr,  whence  a  finall  finuo« 
fity  is  condnued  obliquely  forwards,  ac  the  inGdc  of  the 
antf  rior  fpinous  proceis.  This  ridge  is  continued  from 
the  OS  lacrum,  and  correfponds  with  a  (imibr  promtt- 
nence,  both  of  that  bone  and  of  the  ifchium,  and  fomns, 
with  the  inner  part  of  the  os  pubis,  what  is  called  the 
brinn  of  the  pelvis.  The  pofterior  and  lower  parts  of 
the  oila  ileum  are  thick ;  but  at  their  middle,  where 
they  are  expofed  to  the  acbions  of  feveral  ftrong  mufcles, 
and  to  the  preflure  of  the  abdominal  vifcera,  they  are' 
exceedingly  thin  and  compaiS-. 

The  ofla  ifchii  or  hip  bones,  form  the  lower  and 
lateral  parts  of  the  pelvic :  each  is  commonly  divided 
into  its  body,  tuberoGty  and  ramus.  From  the  body 
of  the  ifchium  the  (harp  fpinous  procefs  (lands  out 
backwards,  to  which  the  anterior  or  internal  facrofcia- 
tic  ligament  is  (ixed.  Bctv^^en  the  upper  part  of  the 
ligament  and  the  bones,  it  was  formerly  obferved  that 
the  iciatic  nerve,  &c.  pafs  out  of  the  pelvis.  The  tu- 
berofity,  or  lowcft  part  of  the  ifchium,  is  large  and 
irregular,  affords  an  origin  to  feveral  mufcles,  and  is 
the  part  on  which  the  body  refts  in  the  pofture  of  fit- 
ting. From  the  fubcrofity  the  bone  becomes  thinner 
and  narrower ;  and  palnng  for^^'ards  and  upwards,  con- 
curs with  the  ramus  oftheos  pubis,  to  form  a  large 
hole,  called  the  foramen  magnum  ifchii,  or  thyroideum. 
This  hole,  which  in  the  recent  fubjecl  is  clofed  with 
a  ftrong  membrane,  called  the  obturator  ligamenr, 
affords  through  its  whole  circumference  attachment  to 
mufcles. 

The  oflTa  pubis  conftitute  the  anterior,  or,  when  the 
body  is  ereft,  the  lower  pare  of  the  pelvis.  They  are 
of  an  irregular  form,  and  as  well  as  the  other  parts  of 
the  olTa  innominata  have  a  fliare  in  forming  the  accta- 
Ipulum.     The  two  ofTa  pubis  are  joined  together  by 
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THE  BONES  OF  THE  INFERIOR  EXTREMITY. 

The  Os  Fcmoris  —  Somj  cfthe  Leg.^^The  Foot, 

TH  E  bones  of  the  lower  extremities  arc  divided 
into  the  thigh-bone,  the  bones  of  thp  leg,  and 
the  bones  of  the  foat.  k 

The  OS  fenioris,  or  thigh-bone,  is  the  longeft  bone 
in  the  body,  and  is  the  largeft,  thickeft,  and  ftrongeft 
of  the  cylindrical  bones.  The  lower  extremities  arp 
connected  to  the  trunk  by  the  head  of  the  os  femoris 
being  received  into  the  acetabulum.  The  thigh- 
bone is  not  placed  in  a  perpendicular  direftion,  the 
upper  ends  of  the  thigh-bones  being  much  farther 
apart  than  the  lower  j  and  from  the  greater  width  of 
the  pelvis  in  women,  this  difference  is  much  more 
remarkable  in  them  than  in  men.  The  body  of  this 
bone  is  fomewhat  of  a  triangular  form  ;  it  is  convex 
before  and  flat  behind,  and  is  marked  particularly  be- 
hind by  bony  ridges,  which  ferve  for  the  connedtion 
of  mufcles.  This  bone  is  perforated  at  one  or  two 
places  for  the  reception  of  blood- veffcls. 

The  os  fcmoris  is  not  a  ftrait  bone,  but  is  arched 
conQderably  forwards.  Its  head  is  turned  inwards-, 
and  the  neck  is  almoft  horizontal,  confidered  with 
rcfpeft  to  its  fituation  with  the  body  of  the  bone. 
Throughout  two-thirds  of  the  length  of  the  thigh* 
bone,  at  its  pofterior  part,  we  obferve  a  ridge  called  the 
)inca  afpcra,  which  originates  from  the  trochanters, 
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and  after  running  fome  way,  divides  into  two  fmaller 
ridges,  which  terminate  at  the  condyls  *. 

The  head  of  the  os  fcmoris  is  nearly  round,  and  i« 
marked  in '  the  center  with  a  round  pit,  into  which  a 
ligament^  which  ferved  to  keep  it  Pxed  in  the  focket, 
was  inierted.  The  neck  is  narrower  above  and  thicker 
below,  and  is  terminated  by  a  ridge,  to  which  the 
capfular  ligament  of  the  joint  was  attached.  Below 
this  ridge  arc  two  remarkable  proceflcs  called  the  tro- 
chanters. The  larger  of  the  trochanters  is  directed 
outwards,  and  is  placed  at  the  other  fide  of  the  thigh- 
bone ;  the  other  is  placed  behind,  but  points  inwards. 
The  iiirfaces  of  both  the  trochanters  arc  very  rough, 
for  the  infertion  of  mufcles.  From  the  mufcles  in- 
Icrted  into  thefc  two  proceflcs  being  the  principal  in- 
ftruments  of  the  rotatory  morions  of  the  thigh,  they 
are  called  trochanters. 

The  lower  extremity  of  the  thigh-bone  is  thick^ 
and  terminates  in  two  condyls  which  are  very  clofe 
to  each  other  before,  but  confiderably  removed  be- 
hind, where  there  is  formeJ  a  fafe  canil,  through 
which  a  large  artery  pafles  to  arrive  at  the  leg.  Be- 
hind are  alfo  two  cavities  which  receive  ligaments 
croffing  each  other  for  ftrengthening  the  connec- 
tion of  the  OS  fenioris  with  the  larger  bone  of  the 
leg.  The  os  femoris  is  united  to  tlie  trunk  by  that 
kind  of  joint  which  admits  of  motion  in  all  direclions; 
but  here  this  motion  is  in  fome  dire  flijns  much  li- 
mited by  the  capfular  ligament  of  the  joint.  The 
fubftance  of  this  bone,  as  of  all  the  cylindrical 
bones,  is  firm  in  the  middle,  and  Ipongy  towards  the 
extremities. 

•  By  the  word  comfyl  b  meant  the  large  extremity  of  a  bone, 
rrfeznblijig  (ht  koob  of  a  clubbed  iU(k, 

Thp 
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Tiie  leg  has  tliree  bones,  the  tibia>  the  fibula,  and 
tlic  ])atd]a.  The  tibia,  which  is  the  principal  bone 
of  die  leg,  is  a  cylindrical  bone  of  a  triangular  fbrm> 
larger  above  than  below.  The  upper  end  of  the 
libia  is  large,  bulbous,  and  fpongy,  and  is  divided 
into  two  cavities  by  a  rough  irregular  protuberance, 
which  is  hollow  at  its  aioft  prominent  part,  as  well 
before  as  behind.  The  two  broad  cavities  at  the 
fide  of  this  protuberance  are  not  equal ;  for  the  in- 
ternal is  oblong  and  deep,  for  receiving  the  internal 
condyl  of  the  os  femoris  ;  while  the  external  is  more 
fuperficial  and  rounder,  for  the  external  condjrL 
The  circumference  of  theie  cavities  is  rough  and 
unequal,  for  the  firm  connexion  of  the  ligaments 
of  the  joint.  In  this  manner  is  formed  a  hinge  or 
joint,  \9hich  admits  of  motion  in  only  two  directions. 
.At  the  back  part  of  this  bone  the  fame  canal  is  con- 
tinued between  the  condyls,  for  tranfmitting  blood*- 
vcfiVls  and  nerves,  as  in  the  os  fcmoris  j  and  there 
?.!c  two  cn")i;ienccs  for  the  infcrtion  of  the  other  ends 
of  iVx  c.v.ci.il  ligaments,  .-^t  the  interior  part  of  this 
bor.t*  is  .:  s-Mviry  for  the  receprion  of  the  patella,  which 
coric/jvr.v'.N  with  Ofie  between  the  condyls  of  the  os 
tVinoris.  Kv!ow  the  exiorn.:!  edge  of  the  upper  end 
cf  the  ti^i.i  is  a  v.m  Uirf.ice  of  cardlogc,  for  die  con- 
ric:VA'*n  of  the  rtinib  ;  and  Jt  its  lower  end  there 
is  .;  Iv^v-:.:.:: :.:!  vMviry  on  tlie  outfidc,  for  receiving 
t*:.*  \^^\.;  ;m;:  of  tiie  :i:ve  bone.  On  the  internal 
j\:::  of  :::c:  Ivtto.n  vM  :he  tii.Ma  is  a  proceis,  which 
f»  :r\N  ;>.c  i::"::  ;r.a;leol;:>  or  ankle-bone.  StiU  kiKxr^ 
j:  j!w  c\;u\r.»:y  of  the  :.b;a,  is  a  iranfverie  ardculat- 
ir^':  i\i\  ■.;^ .  covoTOvi  \v  ::h  v.i::  lage,  and  d:\ided  by  a 
Uvi::<\  \x;:*.  ;  icooiw*  a  Lvr.e  of  :>e  foot  called  the 
«.;:uxha!.  >.  r-;c  K\iy  v^f  the  uoi.;  h::s  three  angles^ 
;;.\I  Ji:»  :n,-.  \    t;a:  turtacts.     O  :c  of  the  djt  fui£tfcs 

is 
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is  turned  diredly  b^ckwards^  and  one  of  the  angles  is 
placed  dirrftly  at  the  fore-pare  of  the  bone,  and  is 
that  (harp  ridge  which  is  felt  by  the  finger,  being  only 
covered  by  the  common  integuments  of  the  body. 
Another  angle  is  called  the  pofterior  and  internal,  and 
terminates  in  the  inner  ankle-bone ;  and  the  third  is 
adled  •  the  'pofterior  and  external  angle,  and  gives 
comie&ion  to  the  interofleous  lig^icnt,  which  pailcs 
from  this  bone  to  die  fibula. 

The  fibula,  which  is  nearly  oppofed  to  the  bft- 
mcmioDed  angle  of  the  tibia,  is  a  triangular  and  very 
thin  bone,  nearly  as  long  as  the  tibia.  Its  fuperior 
cjttreoiity  is  united  to  the  head  of  the  tibia  by  means 
of  cartikge.  Its  head  does  not  rife  quite  fo  high  as 
that  of  the  tibia,  and  has  therefore  no  connexion  with 
the  OS  (emoris ;  its  lower  extremity  is  flighdy  con- 
nedcd  to  the  aftragalus,  and  forms  the  external  ankle. 
Its  chief  ules  are  to  afford  room  for  the  connedbion 
of  mufcles,  to  extend  the  interofleous  ligament,  and  to 
give  greater  firmnefs  to  the  connexion  of  the  tibia 
with  the  foot. 

The  patela,  rotula,  or  knee-pan,  is  a  fmall  flat 
bone  of  a  fomewhat  triangular  form,  which  is  placed 
at  the  fore  part  of  the  leg,  where  ihe  tibia  is  con- 
nefted  with  the  os  femoris.  The  anterior  convex 
lurface  of  the  patella  is  pierced  by  a  great  num- 
ber of  holes,  into  which  enter  fibres  of  the  ftrong 
ligament  which  is  fpread  over  it.  Behind,  its  furfacc 
is  fmooth,  covered  with  cartilage,  and  divided  by  a 
middle  convex  ridge  into  two  cavities,  both  of  which 
arc  exadtly  adapted  to  the  pulley  of  the  os  femoris. 
The  fubflance  of  the  patrila  is  cellular,  but  the  cells 
arc  (o  fifnall  that  it  is  a  very  ftrong  bone.  Its  ules 
are  to  protcft  the  joint,  and  to  anlwer  the  purpofc 
of  a  pulley  to  the  mufcles  which  extend  the  leg. 

The 
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The  foot  is  compofed  of  the  bones  of  the  tarfus.    . 
mctatarfus,  and  toes.     It  is- convex  above,  concave' 
belowj  and  has  a  confiderable  projeftion  behind. 

The  tarfus,  which  is  connefted  with  the  bones  of 
the  leg,  coniifts  of  feven  pieces  of  bone,  the  aftragalusi 
the  OS  calcis,  the  os  naviculare,  the  os  cuboideum, 
and  the  three  ofla  cuneiformia.  The  aftragulus  occui- 
pies  the  poftcrior  and  upper  part  of  the  foot,  and  is 
the  bone  on  which  the  bones  of  the  leg  immediately 
depend  "for  fupport.  The  os  calcis  forms  the  pro- 
jcftion  of  the  heel ;  it  is  of  a  very  irregular  form,  and 
is  divided  into  the  body,  which  points  backwards,  and 
an  anterior  procefs  by  which  it  is  connefted  with  the 
aftragalus  and  the  os  cuboidcum.  The  os  naviculare  • 
is  placed  before  the  aflragalus,  and  towards  the  infidc 
of  the  foot ;  it  derives  its  name  from  its  fuppofed  rc- 
femblance  to  a  boat.  The  os  cuboideum  is  placed 
before  the  os  calcis,  and  towards  the  outfide  of  the 
foot.  The  three  offa  cuneiformia  are  placed  before 
the  OS  naviculare,  near  to  each  other,  and  arc  fo  called 
from  t!;cir  appearing  like  wedges  driven  in  among  the 
oilier  bones  of  the  foot.  The  fubftance  of  the  offa 
tarfi  is  fj^ongy,  and  they  are  To  conncded  together  by 
cartilage  as  no:  to  admit  of  much  motion  upon  each 
Oihcr. 

The  n;et.itarfus  confifts  of  five  cyiindrical  pieces  of 
bone,  interpolcd  between  the  tarlus  and  the  bones  of 
ihc  toes.  Tlivrir  upper  furfacc  is  convex,  their  lower 
ll:riace  concave ;  their  pofterior  extremity  is  concave 
\\  here  thcv  arc  connected  with  the  tarfus,  and  their  an- 
tcrior  cxtrczr.inr  is  turnilV.etl  \vi:h  condyls,  by  which 
iluv  arc  LiV.r.cd  to  the  bon.'s  cf  the  roes. 

1  he  Kvie^  of  the  tc<s  arc  cor.ne/red  to  thofe  of  the 
iViCtatarfus,  I'he  great  tvX  has  only  two  ioints,  the  reft 
three,  and  in  ih^srcfpect  thev  uicmble  :hc  firgers  and 

thq 
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Ac  thumb.     There  are  (bmetimes  found  Ciiall  bones> 

which  are  called  ofla  fefamoidea ;   thefe  chiefly  occur 

between  the  firft  and  fecond  joints  of  the  great  toe  and 

thooib^  and  as  they  anfwer  the  fame  purpofes^  viz. 

ifaat  of  removing  the  tendon  further  from  the  axis  of 

motiony  may  be  confidered  as  fmall  patellae.     They  are 

alnioft  exclufively  found  in  perfbns  advanced  in  life 

and  inured  to  hard  labour,  and  therefore  are  by  fome 

luj^fed  to  owe  their  origin  to  friftion. 
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Chap.    IX. 

*rHE  BONES  OF  THE  SUPERIOR  EXTREMITY ;  WITH 
'  A  BRIEF  COMPARISON  OF  THE  HUMAN  6KELE-. 
.  TON  WITH  THAT  OF  BRUTES, 

Bones  of  the  Humtrus.'^Os  BraccbiL'^dntiiriucbiMm.^^Bomis  rfthi 
Hand.-'-^Refimbiance  heiiueen  thi  /uptrior  and  inferior  Extnrni" 
ties.^~Comfarifin  bet-'wetm  ihe  Uumam  Skeleton  and  that  of  i^M* 
drupeds, 

TH  E  fuperior  extremity  is  divided  into  the  hu- 
merus or  fhoiilder;  the  brachium  or  arm; 
the  antibrachium  or  fore-arm;  and  the  manus  or 
hand. 

The  humerus  is  compofed  of  two  bones>  the  fca- 
pula  or  fhoulder-blade,  and  the  clavicula  or  collar- 
bone.    The  point  where  thefe  two  bones  unite  is  the 
top  of  the  fhouidcr.     The  fcapula  is  a  flat  thin  bone 
of  a  triangular  ihapc.     It  is  fituated  at  the  upper  part 
<)f  the  back,  and  extends  fron)  the  firft  to  about  the 
fcventh  rib.     One  of  the  furfaces  of  the  fcapula,  which 
is  concave,  is  applied  to  the  trunk  of  the  body ;    the 
other,  which  is  convex,  and  more  uneven,  is  turned 
outwards  j  fo  that  the  form  of  the  bone  may  be  plainly 
difcerned  in  the  living  perfon.    The  external  fur&ce 
is  divided  by  a  projefting  ridge  of  bone,  called  the 
Ipine  of  the  fcapula,  into  two  parts,  the  upper  of  whicK 
is  much  narrower  and  fmaller  than  the  lower.  The  fca- 
pula has  three  angles,  and  three  fides  or  margins.  With 
refped  to  the  rriai  gins,  that  which  is  placed  next  the 
ipine  is  by  far  the  longcft,  and  is  therefore  fometimes 
tailed  the  bafe  of  the  fcapula  i  that  wliich  fomms  the 
upper  part  of  the  bone  is  nearly  horizontal,  and  is  pa- 
rallel to  the  fccond  rib,  and  is  the  fhorteft  and  thinncfti 
I  the 
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tbe  remaining  margin,  which  dcicends  obliquely  from 
the  point  of  the  (houlder  to  the  inferior  angle,  is  by  &r 
the  thickeft  and  ftronged. 

The  procefies  of  this  bone  are  the  coracoid,  fo  called 
from  its  reiemblance  to  a  crow's  beak,  which  rifes  from 
die  anterior  part  of  the  fuperior  margin  of  the  fcapula ; 
and  the  acromion,  which  is  a  broad  and  flat  procefs 
of  the  ipine.  placed  at  the  top  of  the  (houlder,  and  is 
the  whole  thick  bulbous  fore  part  of  the  bone.  Near 
the  fore  part  of  the  fuperior  margin  is  a  femilunar 
niche,  from  one  end  of  which  to  the  other  a  ligament 
is  ilretched ;  and  fonf.etimcs  the  bone  is  corrinued  to 
form  one  or  two  holes  ibr  the  paflage  of  the  fcapular 
blood-veflels  and  nerves.  From  the  niche  to  the  ter- 
mination of  the  fofla  (in  which  a  mufcle  called  the  teres 
major  is  attached)  the  fcapula  is  narrov/cr  than  any 
where  elfe,  and  this  part  has  therefore  been  called  its 
neck. 

The  cavities  of  the  fcapula  are  the  glenoid  cavity, 
w:der  below  than  above,  and  covered  with  cartilage 
for  the  reception  of  the  bone  of  tlic  ami ;  and  feveral 
fmaller  cavities  for  the  connexion  of  iiiufcles,  ani 
other  ufcs. 

The  texture  of  the  fcapula  is  firm,  but  the  bone  is 
fo  thin  as  at  moit  placfrf,  to  be  tranfparenr.  It  is  con- 
nedted  by  a  ball  and  focket  to  the  bone  of  the  arm  ;  by 
the  intervention  of  cartilage  to  the  clavicle  >  and  wiih 
the  head,  the  os  hyoides,  the  fternumj  the  ribs,  and 
the  back-bone,  by  means  of  mufcle?.  Its  ufes  are 
for  the  articulation  of  the  arm-bone,  for  the  inferrion 
of  a  great  number  of  mufcles,  to  add  force  and  ex- 
tenfivenefs  to  the  motions  of  the  arm,  and  to  be  a  de- 
fence to  the  poftcrior  part  of  the  trunk. 

The  davicula,  clavicle,  or  collar-bone,  is  a  eylin- 
drical  i^one,  placed  alnaoft  horizon^lly  between  the 

fide 
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fide  of  the  ftdrnum  and  the  acromion  of  the  fcapulau 
Its  figure  isfomewhat  like  that  of  the  letter/j,  and  it 
received  its  name  from  a  fuppofcd  refemblance  to  the 
key  ufcd  among  the  ancients.  The  clavicle,  as  weB 
as  other  long  cylindrical  bones,  is  larger  at  its  ends 

than  at  its  middle.  The  end  next  the  fternum  is  trian- 
gular :  the  angle  behind  is  confiderably  protruded,  to 
form  a  (harp  ridge,  to  which  the  tranfvcrfe  ligament, 
extended  from  one  clavicle  to  the  other,  is  fixed.  Ic 
is  for  the  moil  part  convex  without,  and  concave  within^ 
One  end  of  the  clavicle  is  connefted  by  a  ball  and 
focket  with  the  fternum,  and  the  other  by  cartilage  tcr 
the  acromion  of  the  fcapula.  Its  ufcs  are  to  fupport 
the  fhoulder  and  other  parts  of  the  fuperior  extremityj 
to  protrft  fome  large  veffels  in  their  paffage  to  the 
arm,  and  to  conneft  the  fcapula  to  the  thorax. 

The  OS  brachii,  or  as  it  is  fometimes  called  the 
OS  humeri,  is  a  cylindrical  bone,  the  round  head  of 
wh^ich  is  received  into  the  glenoid  cavity  of  the  fcapula*. 
It  is  larger  and  rounder  at  its  upper  part,  and  frnaDer 
and  flatter  below.  It  has  three  projcfting  lines,  and 
as  many  flat  furfaces,  by  which  form  it  admits  of  a 
more  advantageous  and  extenfive  connexion  of  mufcles, 
than  if  it  had  been  a  fimple  cylinder,  which  is  not 
the  cafe  with  any  bone  of  the  body,  though  all  the  lon<^' 
bones  approach  to  that  form.  This  bone  has  many  cir- 
cumftances  of  ftrufture  in  common  with  the  os  femoris. 
Like  that  bone  it  is  articulated  by  a  round  head,  which 
is  furrounded  by  a  capfular  ligament,  and,  like  it,  has 
proceflTcs  for  the  connexion  of  mufclcs;  but  thefe  pro- 
ceflts  are  much  lefs  remarkable  in  the  os  humeri  than 
in  the  OS  fcmoris.  Ac  the  lower  extremity  of  this 
bone  we  cbferve  feveral  proceflcs  and  cavities.  The 
moft  remarkable  procefTes  are  the  two  condyls  j  of  diefc 
the  external  is  the  fmalleft,  and  is  of  an  irregular  ob- 
long 
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long  fhape.  The  internal  is  more  protuberant,  and 
fcrvcs,  as  well  as  did  former,  to  give  origin  to  many 
fliufdes.  Between  thefc  two  condyls  are  two  lateral 
protuberances,  which,  together  with  a  middle  cavity, 
form  a  kind  ofpi'lly,on  which  the  morions  of  the  fore- 
am  are  chiefly  performed. 

The  antibrachium,  or  fore- arm,  confiftsof  two  bonea, 
the  ulna  and  the  radius.  The  ulna,  which  is  the  longer 
of  the  two  bones-,  and  is  that  by  which  the  fore-arm  is 
chiefly  connefted  with  the  arm,  is  large  above  and 
fmall  below,  and  is  of  an  irregular  cylindrical  form. 
At  the  fuperior  extremity  of  the  ulna  there  are  two  pro- 
cellcs,  a  larger  one  called  the  olecranon,  placed  pofte- 
riorly,  and  a  fmaller,  called  the  coronoid,  at  the  anterior 
part.  At  the  upper  end  of  the  ulna,  between  thefc 
proceflies,  is  a  cavity  divided  by  a  projefting  line,  and 
covered  with  fmooth  cartilage,  for  the  reception  of  the 
correfponding  projedlions  of  the  os  humeri.  There  is 
another  cavity  at  the  fide  of  the  coronoid  procefe,  co- 
vered with  cartilage,  on  which  the  fuperior  end  of  the 
radius  rolls  in  fome  of  the  motions  of  the  hand.  At 
the  lower  extrcmi;:y  of  tl.c  ulna,  which  ib  much  fmaller 
than  the  upper,  is  a  head  with  a  flight  excavation, 
and  a  firall  proccfs  cilled  the  (lyloiJ,  which  forms  a 
projection  at  the  lo^^er  end  of  the  fore-arm,  on  the 
fame  fide  v,  irh  the  little  finger,  not  unlike  the  ankles. 
The  ulna  is  firmly  connected  above,  by  a  hipgc  joint, 
to  the  OS  humeri,  laterally  to  the  ladlui,  and  flightly 
below  to  the  carpus,  and  its  arcicul.uioni  are  every 
where  firmlv  fecurcd  wirh  H.^amciiis. 

The  radius  is  a  bone  of  hcarly  ti^^  fame  form,  Hze, 
and  appearance,  with  the  uln.i.  As  the  larger  end  of 
the  ulna  is  firmly  connected  with  the  os  humeri,  fo  that 
of  the  radius  is  connected  to  th:  carpuS.  On  the  con- 
trar}-,  the  connexions  of  the  ulna  v.ith  the  carpus,  and 
Vol.  III.  K  of 
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of  the  radius  with  the  os  humeri,  are  very  inconfider* 
able  1  the  fmaller  end  of  the  one  bone  being  oppoicd 
Co  the  larger  of  the  other,  and  depei^ding  on  it  for 
fupport  and  firmnefs.  The  ends  of  thefc^two  bonei 
are  cloftly  joined  together ;  their  middle  parts  rccodt. 
from  each  other,  with  the  interpofuion  of  an  interoilfe* 
ous  ligament,  fmiilar  to  that  between  the  tiUa  and 
fibula.  At  the  upper  end  of  the  radius  is  a  fmall  ca- 
vity, which  receives  the  outer  protuberance  of  the  oft 
humeri,  and  the  projeding  ridge  furroiinding  this  cavicf 
rolls  in  a  fmall  finus  at  the  upper  end  of  the  ulna,  in 
which  fituation  it  is  held  by  a  ring  of  cartilage.  At 
the  bottom  of  the  radius  there  is  alfo  a  fimilar  finus, 
which  receives  the  lower  end  of  the  ulna.  The  radius 
is  therefore  joined  to  the  ulna  by  a  double  articulation ; 
for,  above,  a  tubercle  of  the  radius  plays  in  a  focket  of 
the  ulna,  whilft  below,  the  radius  affords  the  focket^  and 
the  ulna  the  tubercle.  The  motion,  howcvcr>  per- 
formed in  thefe  two  is  very  different ;  for,  at  the  upper 
end,  the  radius  does  no  more  than  turn  round  its  axi^ 
while,  at  the  lower  end,  it  moves  in  a  fort  of  cycloid 
upon  the  round  part  of  the  ulna ;  and  as  the  hand  ia 
here  articulated  and  firmly  connected  to  the  radiu^ 
they  mufl  move  together.  The  ulna,  being  conneftcd 
by  a  hinge-joint  to  the  os  brachii,  has  fcarcely  any 
other  motion  tlian  that  of  flexion  and  extenfion,  in 
which  it  carries  with  it  the  radius.  The  motions  of  the 
hand,  in  which  the  palm  is  turned  either  upwards  or 
downwards,  are  performed  by  thofc  of  the  radius  on 
the  ulna,  carrying  with  it  the  hand  From  thefe  cir- 
cumlhinces  it  appears,  that  the  ulna  nwre  particularly 
belongs  to  the  os  humeri,  and  the  radius  to  the  car- 
pus.  The  ulna  fomccimes  carries  with  it  the  radius, 
but  the  radius  never  moves  the  ulna,  which,  like  the 
ttbia  is  conj^ected  by  a  hinge-joint,  and  has  motion  only 

in 
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in  two  dire6Hon$.    The  radius  is  fb  intimately  con- 
ncftcd  widi  the  hand,  and  is  fo  much  employed  In  its 
priocipal  motions,  that  it  has  been  called  manuhrium 
manusy  or  the  handle  of  the  hand.     Without  this  pc- 
cafiar  mechanifm,  the  motions  of  the  fore-arm  would 
be  as  confined  as  thofe  of  the  leg ;  but  providence, 
which  has  preferred  the  more  firm  and  fecure  ftruc- 
toe  in  a  part  which  was  deftined  to  fupport  the  body, 
has  adapted  the  fore-arm,  by  this  beautiful  and  admi- 
rable contrivance,  for  the  performance  of  a  number  of 
motions,  with  which  a  hinge-joint  would  be  quite  in« 
con^tible. 

The  bones  of  the  hand  are  divided  into  thofe  of  the 
carpus,  metacarpus,  and  fingers.  The  carpus  or  wrift 
h  farmed  of  eight  bones,  which  are  fmall,  of  irregular 
ihapes,  and  diftinguifhed  into  two  feries.  The  form 
of  the  carpus  isfquare ;  that  furface,  which  is  contigu- 
ous to  the  palm  of  the  band,  is  concave,  the  oppofitc 
a  convex.  Each  of  the  two  feries  of  bones,  which 
tompofe  the  carpus,  confifts  of  four  pieces.  The  lirft 
feries,  or  that  which  is  placed  next  the  bones  of  th« 
ibre-arm,  confifts  of  the  os  naviculare,  the  os  femilu- 
nare,  the  os  cuneiforme,  and  the  oi  pififorme.  The 
bones,  which  form  the  other  feries,  are  the  os  multan* 
gulum  majus,  the  os  multangulum  minus,  the  os  ca- 
pitatum,  and  the  os  cuneiforme.  Thefe  bones  are  co- 
rered  with  cartilage,  and  are  varioufly  articulated  with 
the  bones  with  which  they  are  in  contaft.  The  prin- 
eipal  ufe  of  fo  great  a  number  of  bones  in  the  wrift  is 
tt>  render  the  hand  more  flexible.  The  back  part  of 
the  hand  is  convex,  for  greater  firmnefs  and  ftrength  \ 
the  palm  concave,  for  containing  more  furcly  and  con- 
vcniently  fuch  bodies  as  we  take  hold  of.  The  upper 
part  of  the  hand  has  an  obfcure  motion  in  comparifon 
with  the  renoainder,  and  ferves  as  a  bafe  to  the  fingers* 
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With  refpeft  to  the  metacarpal  bones,  and  thofc  of 
the  fingers,  they  are  fo  nearly  fimilar  to  thofe  of  the 
metatarfus  and  toes,  that  nothing  need  be  added  con- 
cerning them. 

The  reader  muft  undoubtedly  have  been  ftruck 
with  the  great  rcfcmblance  of  ftrufture  between  the  in- 
ferior and  fuperlor  extremities.  The  os  humeri  has 
many  points  of  refemblance  to  the  os  femoris,  the  dbia 
and  fibula  to  the  radius  and  ulna,  and  the  bones  of  the 
carpus,  metacarpus,  and  fingers  to  thofe  of  the  tarfusj 
metatarfus,  and  toes. 

Before  the  anatomy  of  the  bones,  however,  is  con- 
cluded, it  will  be  proper  to  make  a  few  general  re- 
marks on  the  fkeleton  of  quadrupeds. 

In  quadrupeds  we  obferve  the  fame  general  out- 
lines ,of  ftru6lure  in  the  offeous  fyftem  as  in  man.. 
Their  fkelctons  divide  themfclves  into  head,  trunk, 
and  extremities  I  and  each  of  thefe  divifions  bears  a 
ftriking  refemblance  to  the  fame  divifion  in  the  Ikclc- 
ton  of  the  human  body.  The  cavity  of  the  cranium 
is  much  fmaller  in  quadrupeds  than  in  man,  in  pro- 
portion to  the  other  parts,  but  the  bones  of  the  face 
are  much  longer  j  and  with  refpeft  to  this  circum- 
fiance,  as  well  as  many  others,  the  monkey  holds  a 
middle  place  between  mankind  and  quadrupeds. 

The  fpine,  as  in  man,  is  connefted  to  the  cranium; 
but  in  quadrupeds,  this  bony  column,  inftead  of  be- 
ing placed  vercicaily,  is  placed  horizontally  j  in  both^ 
however,  the  ftrudbare  is  the  fame,  and  the  part  is 
fubfcrvicnt  to  the  lame  purpofes.     The  other  parts  of 
•die  trunk  arc  alfo  very  fimilar  to  the  fame  parts  in 
man ;  and  the  form  and  relative  fituation  of  the  fter- 
'num  and  ribs  are  nearly  the  fame,  but  the  latter  are 
more  numerous  in  quadrupeds.   ,The  fame  refem- 
,blancc  is  raanifefted  in  the  bones  of  the  pelvis,  ex- 
cept 


Cliap.  9.]  Siuadruptds.  133 

ccpt  that  the  os  coccygis  is  continued  beyond  the  other 
parts  of  the  body^  and  forms  the  tail.  The  upper 
part  of  both  extremities,  as  in  man,  is  formed  of  one 
piece  of  bone,  the  lower  part  of  two,  and  in  many 
quadrupeds  there  are  bones  which  correspond  with 
the  carpus  and  tarfus,  the  iingers  and  the  toes.  The 
cl^icula  or  collar-bone  is  in  general,  however,  want- 
ing in  quadrupeds,  and  is  only  found  in  monkeys, 
iquirrels,  and  fome  other  animals,  which  are  (kiltul 
in  climbing,  and  which  employ  their  fore  legs  for 
other  purpofes  than  that  of  travelling.  In  ihort,  the 
Ikeleton  of  the  quadruped  is  fo  fimilar  to  that  of 
man,  that  when  the  fkeleton  of  the  former  is  placed 
creft  on  the  hind-legs,  it  may  eafily,  by  perfons  unac- 
quainted with  anatomy,  be  miflaken  for  that  of  the 
latter. 

The  figure  in  Plate  11.  reprefcnts  a  front  view  of 
the  human  (keleton,  with  fome  of  the  ligaments  and 
cartilages,  which  conned  the  bones  to  each  other. 

Head    aid  Neck. 

a,  Os  frontis. 
^,  Os  parietale. 

Between  a  and  ^,  part  of  the  coronal  future. 
^,  The  pars  fquamoia  of  the  temporal  bone. 
Between  i  and  r,  the  fquamous  future. 
Below  the  pars  fquamofa,  the  zygoma  j  and,  lower 

down,  above/,  the  maftoid  procefs. 
Between  the  pars  fquamofa  and  the  cavity,   which 
contains  the  eye- ball,  called  the  cr^/V,  the  tempo- 
ral proccls  of  the  fphcnoid  bone  is  fcen. 
Jy  Os  male. 

Above  dy  a  portion  of  die  tranfvcrfe  future. 
r,  Os  maxillare  fuperius,  with  the  eight  teeth  of  tlic 
right  fide. 
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The  nafal  proccfs  of  the  fupcrior  maxillary  bone 
hasv  the  o$  nafi  jpincd,  by  the  lateral  nafal  fu- 
ture, to  its  infidc ;  and  at  the  outfide,  within  the 
orbit,  the  o&  unguis. 

The  ofla  nafi  joined  to  each  other  before>  by  the 

anterior  nafal  -future. 

/>  Os  nnaxillare  ii>fcrius  with  fixteen'  teeth  ;  the  ftur 

anterior  named  mifores,  the  two  comer  ones 

canmij  and  tbe  fii^  pofterior  on  eath  fide  melons. 

Oppofice  to/,  th^  angle  of  the  lower  jaw  5  above 
/,  the  condyloid  procefs,  by  which  the  jaw  is 
connefted  to  the  temporal  bone,  at  the  root  of 
the  zygoma ;  and  behind)  the  os  mal^,  the  co* 
rohoid  procefs. 
^,  The  fcven  cervical  vertebrae,  with  their  interme- 
diate ca4;tilages. 
'Oppofite  to  ^,  their  tranverfe  proceffcs. 

V 

Trunk. 

^,  Sternum. 

dy  its  middle  piece,  to  which  one  half  of  the  carti- 
lage that  connefts  the  fecond  rib,  the  whole  of 
the  cartilages  of  the  third,  fourth,  fifth,  fixth,  and 
one  half  of  the  fevcnth,  are  fixed. 

Above  a,  the  firft  or  upper  triangular  piece,  to 
which  the  clavicle  and  one  half  of  the  cartilage 
that  connefts  the  ftcond  rib  are  fixed. 

Below  ay  the  extremity,  or  third  piece  of  tlie  fternum, 
named  the  cartilago  erififortnis,  to  which  one  half 
of  the  cartilage  that  connefts  the  feventh  rib  & 
fixed. 
^,  The  feventh,  or  laft  true  rib. 

c,  Tiie  twelfth,  or  laft  of  the  five  felfc  ribs. 

d,  The  five  lumber  vertebrae,  with  their  intermediate 

cartilages, 

Oppofitft' 
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Oppofitc  to  d^  their  tranfverfe  proceflcs, 
e^  The  os  facnun^  with  its  five  divilions. 
fj   Os  innominatum^  divided  into 
g^  Os  ilium, 
bj  Os  pubis, 
ij    Os  ifchiuin, 

Oppofite  to  i,  the  foramen  thyroideum. 

Superior   ExTkiMiTY. 

Sy  The  clavicle,  fixai  before  to  the .  firil  piece  o(  the 
iternum,  and  outwards  to  the  acromion  of  the 
fcapida. 
iy  The  fcapida. 

Above  by  the  cervix  of  the  fcapula. 
Oppofite  to  it,  the  inferior  cofta  s  and  below  the 
outward  extremity  of  the  clavicle,  the  fupcrior 
cofta,  and  coracoid  procefs,  are  leen. 
€y  the  0$  humeri. 

The  upper  end  6f  it,  which  is  cortncftcd  fi^  th© 
cavity  of  the  fcapula,  named  the  glenciJ,  below 
the  acromion,  is  named  its  bead  or  balli  on  each 
fide  of  which  is  feen  the  tubercles,  named  the 
external  and  iitternali  and  between  thefe,  a  groove 
for  lodging  the  long  head  Of  the  biceps  flexor 
cubiti. 
dy  The  internal  cohdyl. 
Cy  The  external  condyl. 

Between  d  and  ^,  the  trochlea,  upon  whjfh  the 
ulna  moves. 
fy  The  radius. 

The  upper  end,  which  moves  on  the  external  con- 
dyle of  the  OS  humeri,  is  named  its  beady  below 
that,  the  tubercle  for  the  infertion  of  the  biceps 
flexor  cubiti,  and  between  thefe  the  cervix. 
The  inferior  end  of  it  is  connefted  to  the  carpus. 
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g,  The  ulna. 

The  upper  end  of  it  forms  the  coronoid  procels, 
for  the  infertion  of  the  bracHlalis  mufcle. 

The  inferior  end  has  a  procefe  named  the  Tfy/?/^, 
which  is  connefted  to  the  carpus  by  a  liga- 
ment. 

b,  The  carpus,  formed  of  eight  bones. 
i.  Metacarpal  bone  of  the  thumb. 

ki  The  metacarpal  bohes  of  the  four  fingers. 

/,   The  two  joints  of  the  diumb. 

fHy  The  diree  joints  or  phalanges  of  the  fore-fingef ; 

and   the  fame  are  feen   in  each  of  the  other 

three. 

Inferior   Extremity. 

4t,  The  OS  fcmoris. 

The  upper  end  of  it  is  named  its  bead  or  baU> 
.which  is  lodged  in  a  deep  focket  of  the  os  in- 

nominatum,  named  the  acetabulum. 
Between  the  head  and  trochanter  major,  the  cervix. 
t.  Trochanter  majpr. 

c.  Trochanter  minor. 
dy  Internal  condyl. 
e.  External  condyl. 

/,  Patella. 

The  place  where  it  moves  upon  the  os  fcmorie,  is 
named  the  trochlea. 
J,  Tipia. 

Between  the  tibia  and  the  condyls  of  the  os  fe- 
moris,  the   femilunar  cartilages  are  feen;  and 
below  the  joint,  the  tubercle  of  the  tibia, 
hi  Fibula. 

/,  Malleolus  internus. 
kp  Malleolus  cxternus. 

/,  Os 


1 


Chap.  93  if  fU  Plates^  tjy 

/,  Os  calcis.  * 

Between  /  and  m^  the  other  fix  bones  of  the  tar* 
lus.  '  .  » 

m^  Metatarfal  bones  of  the  four  toes. 
»,  The  three  joints,  or  phalanges,  of  the  four  toes.   .-, 
r,  Metatarfal  bone  of  the  great  toe. 
fj  The  two  joints  of  the  great  toe. 

•  The  figure  in  plate  III.  reprefent^  a  back  view  of 
the  human  fkeleton,  with  fome  of  the  ligaments  and 
cartilages  which  connect  the  bones/ 

Head    and  N  £  c  k..  - 

Cj  Os  parietale,  joined  to  its  fellow  by  the  fagittal 

future. 
hi  The  OS  occipitb,  jomed  to  the  parietal  bones  by  the 

lambdoid  future^  which  is  between  a  and  K 
r,  Os  make. 
dy  Maxilla  inferior,  with  a  viewof  the  teeth  of  both 

jaws  fix)m  behind. 
€,  The  fcven  cervical  vertebne. 

Trunk. 

ay  The  fcventh  or  laft  true  rib. 

k.  The  twelfth  or  laft  rib. 

Cy  The  five  lumber  vertebra?. 

dy  Os  facrum. 

ty  Os  coccygis. 

/,  Os  innominatum,  divided  into 

^,  Os  ilium. 

by  Os  pubis. 

/,   Os  ifchium. 

Superior  Extrimity. 

ay  The  clavicle,  joined  outwards  to  the  acromion  of 
the  fcapula. 

*,Thc 


•13 1  Defcriptiott  of  tbs  Pkaes.         [Boc^QC 

i^  The  fcapula. 

ir,  Os  humeri. 

i/.  Internal  condyl. 

r^  External  condyL 

fj  Radius. 

1^,  Ulna,  its  upper  end^  oamed  olecrancn ;  and  near  the 

wrift,  its  ftyloid  procefs.  » 

jt.  The  eight  bones  of  the  carpus. 
%y  The  metatarfal  bone  of  the  thumb. 
f ,  The  metatarfal  bones  of  the  four  fingers. 
/,  The  two  joints  of  the  thumb. 
m.  The  three  joints  or  phalanges  of  the  four  fingers, 

1 1/  r  £  R  I  O  R     E  X  T  R  E  M  IT  Y. 

^  Os  femoris. 

iy  Trochanter  xna^r,  and  at  the  infide  of  it  the 

cervix.. 
g^  Trochanter  minor. ' 
dy  Internal  condyl. 
tf.  External  condyl. 
fy  Tibia. 
g^  Fibula. 

\  Malleolus  mternus. 
/,  Malleolus  externus. 
kj  The  fcven  bones  of  the  tar£a^ 
/,   The  metatarfus. 
jy^  The  joints  or  phaUng<}s>  of  the  toes* 
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Chap.    X. 

STRUCTURE  OF  THE  MUSCLES. 

G€9eral  De/cripiitu  ofMufcUs^^-^Ohfiruattomtftbt  Abh}  FoHtana.'-^ 
Of  Lewtnh^eckj'^'Mufclts  c9mpofed  of  fmall  Fibres^-^Ztru^ure  ^ 
differemt  Mufcl$s,'^Amtag9mfts.''^Mufclts  ^the  Fatns* 

TH  E  bones*  confidered  with  relation  to  the  mo^ 
dons  of  the  body,  arc  nierely  levers ;  let  us  now 
confider  the  ftru6hire  of  the  mufcles,  whfch  are  the 
immediate  fources  of  all  the  motions  of  the  animal 
machine. 

The  animal  fubftance, , which  the  anatomift  calls 
niufclej  is  that  which  in  common  lai^age  paflfes  tinder 
the  name  of  the  lean  or  flefh  of  meat.  The  colour  of 
the  mufcles,  when  they  are  firft  removed  from  the 
body,  is  red ;  this  colour,  however,  is  not  eflendal  to 
them,  but  is  merely  owing  to  the  prefence  of  blood, 
for  when  mufcle  is  cleanfed  from  blood,  it  appears 
white.  In  every  recent  mufcle  we  may  at  firft  view 
dtftinguilh  two  kinds  of  fibres ;  the  one  kind  appears 
red,  and  is  the  true  mufcular  fubftance ;  the  other  is 
tendinous,  has  a  white  filvery  appearance,  and  has  no 
power  of  contradion  like  the  former.  The  tendinous 
lubftance  is  fometimes  colleAed  into  a  cord,  but  is 
very  frequendy  expanded,  fo  as  by  covering  the  fiirfaoc 
of  a  mufcle,  or  by  pervading  its  fubftance,  to  afford 
a  very  extenfive  connexion  to  mufcular  fibres. 

The  Abbe  Fontana  has  taken  great  pains  to  examine 
the  ftru<5lure  of  mufcles.  He  divided  mufcular  fubftance 
with  the  point  of  a  fmall  needle  till  he  came  to  minute 
threads,  which,  whatever  pains  he  took,  would  admit  of 
no  further  divifion.  Thefe,  he  exftOunCd  with  a  lens» 
2  die 
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the  diameter  of  which  was  one-ninth  of  an  Inch;  when 
they  appeared  to  be  folid  homogeneous  cylinders,  in- 
terrupted at  regular  diftances  by  very  minute  lines  or 
wrinkles.  Thefe  wrinkles,  when  thev  were  examined 
in  different  points  of  view,  might  have  paffed  for  glo- 
bules J  but  upon  this  circuniftance»  as  the  obfervation 
went  no  further,  the  Abbe  docs  not  infift.  This  un- 
dulated appearance  has  alfo  been  obJcrved  in  nervous 
and  tendinous  fibres,  examined  by  microfcopes  of  high 
magnifying  powers.  Dr.  Monro,  in  his  obfervatioffs 
on  the  nervous  fyftcm,  gives  it  as  his  opinion,  thar 
they  are  to  be  confidered  as  folds  or  joints,  ferying 

to  accommodate  the  parts  to  the  different  ftj^tes  of 
flexion  and  extenfion.  In  proof  of  this  he  finds,  thaf 
thofe  parts  which  have  this  appearance  in  their  re- 
laxed flate,  lofe  it  when  ftretched, 

Lewenhoeck  long  ago  fancied  that  he  had  difco verecj 
the  ultiipaite  mufcular  fibre,  which  he  confidered  as 
being  one  hundred  times  as  fmall  as  a  hair.  He  a£- 
tcrw'ards,  however,  cancjidly  acknowledged,  that  what 
he  fuppofcd  to  be  a  fimplc  fibre,  was,  in  faft,  a  bun- 
dle of  them.  Norwithftanding,  therefore,  the  mi* 
crofcopical  obfervarions  of  the  Abbe  Fontana,  and 
other  philofophcrs,  we  muft  ftill  acknowledge  our-r 
fclves  iornorant  of  the  ftrufture  of  the  ultimate  com^ 
ponent  parts  of  mufcular  fiibflance ;  and  all  we  arc 
allowed  to  fay  is,  that  their  flrufture  is  fibrous. 
Thefe  minute  fibres,  obfcrved  by  the  Abbe  Fon- 
tana, were  tied  by  cellLilar  fubftancc  in  fmall  fafci- 
culi  or  bundles,  thclc  bundles  arc  ao;ain  formed  into 
Jarger  by  the  fame  iiv.\:ns,  and  of  tiiefc  fal'ciculi  are 
compoild  thofc  contraftile  maCTcs  of  flcfh  called 
mufclcs. 

Mufcles  are  generally  connected  at  their  two  extrCr 
miwies  to  bones,  b)r  means  of  tendons  i  the  lai-geft  parr 
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of  a  mufck  is  called  its  bdly,  and  is  chieQy  compofed 
of  contraclile  mufcular  fibres.  That  connexion  of  a 
mufde  which  is  leoft  moveable  is  called  its  origin,  that 
which  is  mod  moveable  its  infertion :  but  thefe  terms 
are  in  many  cafes  merely  relative,  for  a  part  of  the 
body  which  is  more  fixecf  in  one  pofturc  becomes  lefe 
lb  in  another.  The  fibres  which  compofe  a  mufcic 
run  cither  longitudinally,  tranfverfely,  obliquely,  or 
circularly.  If  all  the  fibres  which  compofe  a  mufcic 
run  in  tbe  fame  direction,  it  is  called  reftilinear ;  ra- 
diated, if  the  fibres  are  difpofed  like  radii;  penniform, 
i&  refcmblin^  the  plume  of  a  feather,  the  fibres  are 
iicuated  obliquely  with  refpeft  to  the  center  from  which 
they  proceed;  compound,  if  the  fibres  run  in  differ- 
ent direftions.  The  majority  of  the  large  mufcles  of 
the  body  are  compound. 

Moft  mufcles  have  otliers  oppofed  to  them,  which 
act  in  a  contrary  direction,  and  are  called  antagonifb. 
Thus,  one  mufcle,  or  one  fet  of  mufcles,  bends  a 
limb,  another  extends  it ;  one  elevates  a  part,  another 
deprciTes  it;  one  draws  it  to  the  right,  another  to 
the  left.  By  thefe  oppofite  powers  the  part  is 
kept  in  a  middle  diredtion,  ready  to  be  drawn  either 
one  way  or  another,  as  particular  mufcles  are  throv/n 
into  ftronger  action.  The  flexor  mufcles  exceed  the 
cxtenfors  in  ftrength,  and  for  this  reafon  the  eafieft 
poflures  are  thofe  in  which  the  body  or  limbs  are  mo- 
derately bent. 

When  we  fpeak  of  the  mufcles  of  a  part,  we  do  not 
mean  thofe  which  are  fituated  on  it,  but  thofe  which 
ferve  to  move  it.  Thus,  what  are  called  the  mufcles 
of  the  leg,  and  which  arc  fubfeivient  to  its  motions, 
are  placed  round  the  thigh  bonc;  thofe  which  move 
the  foot,  round  the  bones  of  the  Ic^,  &c. 

In 
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In  the  foetus  the  mufclcs  are  evidently  infertcd 
into  the  periofteum  only,  but  in  the  adult  ftate» 
when  the  periofteum  adheres  much  more  clofcly  to 
t|ic  bone,  die  tendons,  being  confufed  with  the  pe* 
liis^fteumj  pafs  with  that  even  into  the  foveoli  of  the 
bone* 


\ 
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Chap.    Xt. 

1 

MUSCLES  OF  THE   HEAJt 

M^f  ff  the  FinhHui^Oftbe  fy^Udz^-^^f  thi  Eje — Of  Of 
I^^^^^t^iUi  9f  the  Mouth.— Wky  tht  Face  U  the  Itidex  to  iJk 
MM^^ToMpwal  Mu/cUs — Mu/cla  oftbt  Nici,^0/tbi  Jaw,^ 
nt  Tawgue. — Mnjcla  of  tht  Palate,  t^c. 

TH  E  (kin  which  covers  the  head  is  moved  by  a 
finglc  broad  mufcle,  and  one  fmall  pair.  The 
former  of  thefc  is  fituated  immediately  below  the  com- 
mon integuments,  at  the  back  and  fore  part  of  the 
itcad.  With  the  intervention  of  a  broad  tendon,  and  is 
called  occipito  frontalis.  It^  efFc6t  is  to  draw  the  (\an 
of  the  head  backwards,  to  raife  the  eye-brows,  and 
wiinkle  Ae  fkin  of  the  forehead. 

The  corrugator  fupercilii  arifes  from  the  internal  an- 
gular proccfs  of  the  os  frontis,  near  its  joining  with 
the  bones  of  the  face ;  it  is  inferted  inio  the  inferior  and 
inner  part  of  the  occipito  frontalis^  draws  the  eye-brows 
towards  each  other,  pulls  downwards  the  fkin  of  the 
forehead,  and  caufes  it  to  wrinkle,  particuiariy  be- 
tween die  eve-brows. 

The  mufcles  of  the  ear  will  bt  fpoken  of  when  it 
becomes  neceflary  to  treat  of  the  organs  of  hearing. 

The  mufcles  of  the  eye -lids  arc,  the  orbicularis  pal^ 
pebrarum,  which  furr^unds  the  eye,  and  has  the  efFe£t 
of  (hutting  the  eye-lids.  The  upper  eye  lid  has  alfo  a 
mufcle  proper  to  itfelf,  called  the  levator  palpebrse  fu- 
pcrioris,  the  efFcft  of  which  is  to  riifc  the  upper  eye- 
lid, and  confequcntly  to  counceraft  the  former. 

The  ball  of  the  eye  his  fix  mufcles,  four  ftrait  and 
two  "oblique.     The  ftrait  mufcles  all  rife  from  thp  bot- 
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torn  of  the  orbit  around  die  foramen,  through  which 
the  optic  nerve  pafles,  and  are  extended  to  the  fore 
part  of  the  globe  of  the  eye.    Thefe  mufcles  are  named 
from  their  ufe.     The  levator  oculi  raifes  the  ball  of  the 
eye,  the  depreffor  pulls  it  down,  the  addudor  turns  the  . 
eye  towards  the  nofe,  and  the  abduftor  moves  the  globe 
outwards.    The  two  oblique  mufcles  are,  the  obliquus 
fup^rior  or  trochlearis,  which,  riling  from  the  bottomi 
of  the  orbit,  runs  along^the  pars  plana  of  the  ethmoid 
bone  to  the  upper  part  of  the  orbit,  where  its  tendon 
pafles  through  a  cartilaginous  ring  connected  to  the 
OS  frontis,  by  which  mechanifm  the  diredlion  of  its 
force  is  altered,  and  its  tendon  afterwards  proceeding  a 
little  downwards,  and  direfted  outwards  at  the  iame 
time,  is  inferted  halfway  between  the  infertian  of  the 
attoUens  oculi  and  optic  nerve.     The  efFed  of  this 
curious  mufcle  is  to  roll  the  eye,  to  turn  die  pupil 
downwards  and  outwards,  and  to  draw  the  whole  ball 
nearer  to  the  nofe.     The  obliquus  inferior  arifcs  from 
the  orbitar  procefs  of  the  fuperior  maxillary  bone,  and 
running  obliquely  outwards  is  inferted  in  the  fpace  be- 
tween the  abduftor  and  optic   nerve.     Its  ufe  is  to 
draw  the  globe  of  the  eye  forwards,  inwards,  and  down- 
wards, and,  contrary  to  the  fuperior  oblique,  to  turn 
the  pupil  upwards  towards  the  inner  extremity  of  the 
eye-brow.     By  afting  fucccflivcly  with  all  the  mufcles 
of  the  eyes  we  are  able  to  roll  them. 
•  The  nofe  is  aiTcfted  by  feveral  mufcles  of  the  face, 
but  only  one  pair  is  commonly  confidered  as  properly 
belonging  to  it.     This,  which  is  called  the  compreflbr 
naris,  arifes  externally  from  the  root  of  the  ate  nafi, 
and  running  obliquely  upwards  along  the  cartilage  of 
the  nofe,  joins  its  fellow,  and  is  inferted  into  the  neigh* 
bouring  bone.  The  efFeft  of  this  mufcle  is  to  comprefi 
the  al<e  towards  the  Icptum  naris,  particularly  when  we 

want 
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^ant  CO  fcnell  acutely ;  it  alio  wrinkles  the  Ikii  xl[  the 
nofc. 

The  mouth  has  nine  pair  of  mufcles  infertcd  into  the 
lips,  where  their  terminations  form  a  Angle  mufele, 
which  furrounds  the  mouth.  One  of  thcfe  rifcs  from 
the  uppo-  jaw-bone»  and  is  inierted  into  the  angle  of 
the  mouth.  Its  effect  is  to  raife  the  corners  of  the 
mouth,  and  it  is  therefore  called  the  levator  anguli  oris. 
2.  The  levator  labii  fuperioris  al^ue  nafi.  This  rifes 
by  two  diftind  origins ;  one  of  thefe  proceeds  from 
die  fuperior  maxillary  bone  immediately  below  the 
orint,  che  other  from  the  lame  bone  at  the  inner  angle 
of  the  eye.  Ic  is  inlerted  partly  into  the  upper  lip  and 
pardy  into  the  outer  part  of  the  alse  nafi,  raises  the  upper 
lip  towards  the  eyes  and  a  little  outwards,  and  alfo  dilates 
the  noftrils,  by  drawing  the  alas  nafi  upwards  and  out- 
wards. 3*  The  depreflbr  labii  fuperioris  alaquse  nafi, 
ariles  from  the  upper  jaw-bone,  where  thedentesincifivi 
and  caoiili  are  fixed,  and  is  inferted  into  the  upper  lip 
and*root  of  the  alas  nafi.  When  it  a6b,  it  draws  the 
\jpper  lip  and  alas  nafi  downwards  and  backwards. 

The  three  mufcles  of  the  mouth,  already  mentioned, 
are  fituated  above,  the  three  other  pairs  are  placed  be- 
Jow. 

4.  The  depreflbr  anguli  oris  arifcs  from  the  lower 
edge  of  the  maxilla  inferior,  and  is  alfo  connefted  to 
ihc  neighbouring  Ibft  parrs.  It  is  inferted  into  the 
comers  of  the  mouth,  and  puDs  them  downwards* 
5.  The  depreffor  labii  inferioris  arifes  from  the  inferior 
part  of  the  lower  jaw-bo^e,  near  the  chin,  is  inferted 
into  the  edge  of  the  lower  lip,  and  pulls  it  downward! 
and  a  litde  outwards.  6.  The  levator  labii  inferioris 
arifes  from  the  lower  jaw,  where  the  dentcs  incifivi  and 
canini  are  fixed,  and,  being  inferted  into  the  under  lip 
ax^fkin  ofthechm,  draws-'t hem  upwards. 

Vol.  III.  L  Three 
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TIiKe  ptir  of  mufcles  are  alfo  feated  outwards  widfr 
Kfpeffc  to  the  mouth. 

7,  The  buccinator  (or  tnmipctcr)'  arifcs  frOm  both 
j^ws,  adheres  elofHy  cb'the  membrane  of  the  mouth, 
and  is  inftrted  at  its  angles.  Its  eflledl:  is  to  di*aw  the 
^gles  of  the  mouth  backwards  and  outwards,  and  to 
totitrzSt  its  cavity,  as  in  blowing  a  wind  inftrumcnv 
'  Jind  in  pufliing  our  meat  between  the  teetbv  8.  The 
:fygomaticus  major  arifes  ftom  die  os  mate;  near  the 
xygOHFiatic  future,  and  is  inferted  into  the  angle  of  the 
mouth.  When  it  contradb,.  it  draws  the  angles  of  the 
mouth  upwards  and  outwards,,  and  makes  the  cheeks 
prominent  as  in  laughing.  9.  The  zygomaticus  minor 
defcends  obliquely  from  the  prominent  part  of  the  09 
mala^  and  is  inferted  into  the  upper  lip  near  the  cor- 
ner of  the  mouth.  Its  ufe  is  to  draw  the  corner  of  the 
mouth  obiiquelf  upwards  and  outwards  towards  tbb 
external  corner  of  thc^eye. 

The  (ingle  mufcle,.  whieh  was  mentioned  as  being. 
formed  by  the  terminations  of  all  the  othersdecuflating 
each  other,  is  called  the  OFbiculaiis  oris,  and  entirtiif 
£]iTOunds  the  tnouth..  Its^ufe  is  to  fhut  the  mouthy 
by  contracting  and  drawing  both  lips  together,  and  to 
counteract  all  the  mufcles  which  contribute  to  its  for- 
mation •■ 

The  mufcles  of  the  6ce  are  the  organs,  which,  be- 
ing affected  by  the  pafllons,  render  the  human  counte- 
nance an  index  of  what  is  pafllng  in  the  mind  $  and,  as* 
all  mufcles  acquire  a  greater  degree  of  ftrength  as  weft  - 
as  proneneis  to  aftion  in  proportion  to  the  degree  fat 
which  they  are  employed,  ib  the  countenance  becomes 
imprefled  with  a  general  character,  which  is  thefbun^ 
dadon  of  phyfiognomy.  For  tlus  reafon  the  'counter 
fiances  of  old  people  are  more  expreflivey  and  their 
likeneifcs  more  eafily  token,  tih^n  thofe  of  the  youngs, 

diough* 
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though  this  is  partly  to  be  attributed  to  the  wafting  of 
the  &ty  which  in  youth  fills  the  interftices  between  tte 
mufcles,  and  prevents  ftrong  lines.  To  the  above  pria«^. 
dpk  is  to  be  attributed  the  greater  expreflionobfervable 
in  the  councenance  of  a  perfon  of  a  cultivated  mind> 
tiian  in  that  of  a  perfon  whofe  (lock  of  ideas  is  limited.. 
From  all  thefe  circumftances  it  appears,  that  the  culd'«^ 
vadon  of  the  nr^ind  is  the  moft  likely  method  of  in^ 
crcafing  the  expreflion  and  boauty  of  the  countenance. 

The  mufcles  of  the  lower  jaw  are  four  pairsj  and  are 
tbofe  employed  in  the  maflication  of  the  food* 

The  temporalis  mufcle  has  a  very  extenfive  origin^ 
from  the  lower  and  lateral  part  of  the  parietal  bone,  att 
die  pars  fquamofa  of  the  temporal  bone,  from  the  ex« 
tetnal  angular  procefs  of  the  os  fronds,  and  from  the 
tcii^nral  procefs  of  the  fphenoid  bone.  From  thefe 
different  original  the  fibres  defcend  like  radii  towards  the 
jugum»  under  which  they  pafs,  and  are  inierted  into 
die  ooroDoid  procefs  of  the  lower  jaw.  Its  ufe  is  to 
piefs  the  lower  jaw  againfl  the  upper,  and  at  the  fame 
lime  to  draw  it  a  litde  backwards.  This  mufcle  is 
covered  with  a  broad  tendon,  called  its  aponeurofis^ 
which  defends  it^  and  gives  origin  to  a  great  number 
of  mufcular  fibres. 

The  maffcter  arifb  from  the  fuperior  maxillary  bone> 
where  it  joins  the  os  mals,  and  from  the  inferior  and 
anterior  part  of  the  jugum,  and  is  inferred  into  the  angle 
of  the  lower  jaw,  which,  when  it  afts,  it  prcfTes  againfl 
die  upper. 

The  pterygoideus  intemus  proceeds  from  the  inner 
^nd  upper  part  of  the  internal  place  of  the  pterygoid 
proccls  of  the  fphenoid  bone,  and  from  the  pterygoid 
procefs  of  the  oS  palati.  It  is  Infcrted  into  the  angle 
of  the  lower  jaw  internally,  and,  when  it  afts,  draws 
it  upwards  and  obliquely  towards  the  oppofice  fide. 

Li  Ths 
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The  pterygc»deu»  extemus  takea  Its  origin  from  the 
outer  fide  of  the  pcerygoid  procefs  of  the  fpbenofd 
i>onej  from  psut  of  the  tuberoiity  of  the  os  maxillare 
stdjoinii^  to  it^  and  from  the  root  of  the  temporal  pro-* 
cefs  of  the  fphenoid  bone*  It  is  inferted  into  the  ncde 
of  the  condyloid  procefs  of  the  lower  jaw,  and  puUf 
k  forwards  and  to  the  oppofite  (ide,  or  when  both  th^ 
•xtemal  pterygoid-  miufcles  a£b,  the  ibre  teeth  of  thff 
under  jaw  are  pufhed  forwards  beyond  thofe  of  the 
upper  jaw. 

On  the  fide  of  the  neck,  towards  its  fore  part,  are 
two  mufcles.  The  external  of  thefe  is  a;  mufcle  of  the 
ittnj  and  is  called  platifma  myoides.  It  arifes  by  a 
number  of  (lender  fibres  from  the  cellular  fubftance. 
ivhich  covers  the  upper  parts  of  the  deltoid  and  pec- 
toral mufcles ;  in  their  afcent  they  all  unite  to  form  a 
thin  muicle,  adhering  to  the  ikin,  and  which  is  inierted 
into  the  lower  jaw.  It  draws  the  (kin  of  the  cheek 
downwards. 

The  fterno-deido-maftoidcus  has  two  origins,  one 
from  the  fternum,  the  other  from  the  clavicle,  whicb^ 
Ufliting>  form  one  mufcle,  which  runs  oliquely  upwards 
and  outwardsji  and  is  inferted  into  the  maftoid  procefs 
of  the  temporal  bone.  When  it  contrafts,  it  turns  the 
head  to  one  fide,  and  bends  it  forwards ;  or  when  its 
fellow  a<5ts  with  it,  they  draw  the  head  direfily  for- 
wards. 

Six  pair  of  mufcles  are  fituated  between  the  09 
hyoides  and  the  lower  jaw. 

The  mufcle,  which  forms  the  external  layer,  is  called 
the  digafiricus^  It  rifes  near  the  malloid  procefs,  run% 
downwards  and  forwards  to  the  os  hyoides,  and  whence 
proceeds  to  the  bone  of  the  cliin,  into  which  it  is  in- 
ierted. When  it  afts,  it  pulls  the  lower  jaw  down- 
wards and  bdckwardS)  and  therefor^?  opens  the  inouth* 

.    6  ■  Whw 
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Wbcn  the  lower  jaw,  however,  is  fixscdi^  dicftrongo- 
imi(cles,  which  have  been  already.defcribed,  theefiedtof 
tfaedigs^cus  is  different,  for  the  os  hyoides,  dieh 
becoaung  the  more  moveable  part,  is  drawn  upwaixii, 
and  with  it  the  la  ry ox  and  pharynx,  as- in  the  ad  of 
fwallowing. 

The  myk)-hyoideus  pa0ies  from  the  infide  of  the 
lower  jaw  to  the.^os  hy^des^  and  has  nearly  the  fame 
cBk&  as  the  digaftricus.  « 

The  genio-hyoideus  alfo  pafles  from  the  os  hyoides 
to  the  chin,  and  either  raifes  the  former  or  pulls  down 
the  latter,  according  as  the  lower  jaw  or  the  os  hyoides 
is  rendered  more  fixed  by  other  mufeles. 

The  genio-hyo-gloffus  arifes  from  the  lower  jaw, 
and  is  inlerted  partly  into  the  os  hyoides,  and  partly 
into  the  tongue.  This  niufcle,  according  to  the  di- 
refHon  of  its  fibres,  afts  very  differently  on  different 
occafions  i  from  the  (eparate  aftion  of  its  fibres  it  either 
draws  the  tongue  backwards,  extends  it  out  of  the 
fnouth,  or  renders  its  upper  part  concave. 

Two  mufcles  pafs  from  the  os  hyoides  to  the  trunk. 
The  fterno-hyoideus  proceeds  from  the  fternum,  and 
puUs  the  OS  hyoides  downwards.  The  omo  hyoideus 
arifes  from  the  fuperior  cofta  of  the  fcapula,  and 
draws  the  os  hyoides  obliquely  downwards.  It  is  to 
be  noticed,  that  when  the/e  are  two  muftlcs  of  equal 
ftrength  and  equal  obliquity  attached  to  a  moveable 
part,  and  they  both  aft  together,  they  draw  it  in  a 
ftrait  line,  the  obliquity  of  the  one  counterbalancing 
that  of  the  other. 

The  fubftance  of  the  tongue  is  mufcular,  and  13 
diftinguiflied  by  anatomifts  into  fix  pair  of  mufcles, 
which  it  cannot  be  ncceflary  to  enumerate.  They 
alfo  defcribe  fix  pair  of  mufcles  belonging  to  the 
pharynx:  thefe  I  Ihall  pafs  over  in  filcnce,  and  merely 

L  3  confidcr 


confider  it  as  a  fnulcular  bag,  formiog  the  upper  part 
of  the  alimentary  canaL  There  are  alfo  feveral  onit 
f  les  belong^g  to  the  palate  and  uvula,  of  which  the 
limits  of  thb  work  do  not  permit  the  fpecification.  I 
iball  at  prefent  alfo  pais  over  the  mufclcs  of  the  la* 
rjrnXj  as  a  better  opportunity  will  occur  of  compre* 
hfuidiag  them  under  the  defcription  of  the^  parts  to 
which  they  belong*  The  &me  obfcrvation  is  applU 
cable  to  the  mufclcs  of  the  ear« 
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ON  die  anterior  part^f  the  ncck^  doie  to  the  ver* 
-tebrsE^  are  fesued  the  following  mufdes : 

Hie  longuG  colE  arifcs  ^m  xbe  Ixxlies  :of  three  of 
die  vertebrse  of  the  back,  and  from  the  tranfverfe 
praceflb  iDf -moft  of  the  vertebne  of  the  nedc.  It  is 
jofirrted  into  the  fore  part  of  all  the  vertebras  of  the 
4Mck,  aad  has  the  cfTeA  of  drawing  it  forwards  or  to 
ene  fid^  according  as  the  mufde  on  I^Qth  iidesj  or 
diat  on  one  only,  is  called  into  a^ion. 

The  reftus  capitis  intemus  major  proceeds  from 
the  cxatoMf  of  the  tranfverfe  procefles  of  the  thirds 
fourth,  fifth,  and  lixth  vertebras  of  the  neck,  is  inferted 
into  the  cuneifiMm  prQ$:efs  of  the  os  ocdpids,  and 
iKBds  the  head  forwards. 

The  redhis  capitis  bternus  minor  arifes  fixmi  ihc 
£)re  part  of  the  body  of  the  iirft  vertebra  of  the  neck* 
is  inferted  into  the  £ondyloi4  procefs  of  th^  os  ocqU 
pitis,  and  alfo  bends  the  head  &)rwards. 

The  re6his  capitis  lateralis  arifes  Orom  die  anterior 
part  of  the  point  of  the  tranfverfe  procefs  of  the  firfl 
vertebra  of  the  neck^  and  is  inferted  into  the  os  occi* 
pitb,  and  bends  the  he^  a  ^tde  to  one  fide.. 

The  large  and  flrong  mufcles,  feated  at  the  pofte* 
rior  part  of  the  trunk,  may  be  divided  into  four  layers 
and  a  fingle  pair.  The  external  layer  confifU  of  two 
Tcry  broad  mufcles. 

t*  Xhc 
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•^  .  The  trapezius  arifes  by  a  ftrong  round  ccndoiiii 
from  the  middle  of  the  os  occipitis,  and  from  a  rou^ 
curved  line,  which  extends  thence  towards  the  ma- 
ftoid  proccfs  of  the  temporal  bone,  U  proceed^ 
downwards  along  the  nape  of  the  ncck»  is  attached 
to  the  fpinous  proceffes  of  all  the  vortebrae  of  the 
back,  and  the  two  lowed  of  the  neck,  and  is  alio 
firmly  connedbed  by  the  intervention  of  a  tendoA  to 
its  fellow  of '  the  oppoiite  fid«.  It  is  iAJcrtod  in$o  .thcf 
pofterior  part  of  the  clavicle,  the  ^tcromion^  and  alilK>ft 
all  the  fpine  of  the  fcapula. .  It  moves  the  fcapuU 
cither  obliquely  upwards,  dircdtly  backwards,  or  ob- 
liquely downwards,  according  as  its  different  parts  are 
called  into  a<5lion. 

The  latiffimus  dorfi  arifes,  by  a  broad  thin  teiMi 
don,  from  the  pofterior  part  of  the  fpine  of  the  OA 
ileum,  from  the  fpinous  proccfles  of  the  os  facrum^ 
loins,  and  feven  inferior  of  the  back,  and  frorn  three 
orlR)ur  of  the  lower  ribsj  its  fibres  converging  pafe 
over  the  inferior  angle  of  the  Jcapula,  are  coUe^ed 
into  a  flat  con!  in  the  axilla,  and  infcrted  into  the  os 
humeri.  Its  adlion  is  to  pull  the  arm  downwards  aixl 
backwards,  and  to  roll  the  os  humeri. 

The  ftcond  fayer  of  mufcles  confifts  of  three  pair^i 
twodh  the  back  and  one  on  the  neck,  0«  the  back 
ar?  feared  the  ferratus  pofticus  inferior.  This  niufde 
originates  from  the  fpinous  proceffes  of  the  two  infe- 
rior 'of  the  back  and  three  fuperior  vertebrae  of  the 
loins,  is  infcrted  into  the  four  loweft  ribs,  which  it 
draws  downwards,  and  is  therefore  a  mufcle  of  exn 
piration. 

The  rhomboideus  proceeds  frem  the  fpinous  pro- 
ceffes of  t!ie  frve  iupcrior  vertebra;  of  the  back  and 
three  inferior  of  the  neck;,  and  is  infertcd  into  the  bafe 
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fJi  the  fcapula,  \7hich  it  draws  obliquely  upwards,  and 
dircdUy  inwards  cowards  the  fpine. 

On  the  neck  is  fituaced. 

The  fplcnius,  which  arifes  from  the  fpinous  pro- 
cefles  of  the  four  upper  vertebra  of  the  back  and  five 
lower  of  the  neck ;  it  is  infcrtcd  into  the  tranfvcrfe 
procefles  of  the  five  fuperior  vertebrae  of  the  neck, 
the  po(tenor  part  of  the  niaftoid  procefs,  and  the  os 
occipitisj  where  it  joins  the  root  of  that  procefs. 
When  one  of  thefe  mufcles  a6ts,  it  brings  the  head 
and  neckly  obliquely  backwards^  or,  when  they  both 
a&9  they  draw  the  head  directly  backwards. 

The  fingle  pair,  which  was  mentioned,  is  the 

Serratus  poflicus  fuperior.  This  originate!)  from 
the  fpifx>us  procefTes  of  the  three  lowcil  vcrtcbne  of 
the  ceck,  and  two  upper  mo  ft  of  the  back,  and  is  in.- 
lencd  into  the  fccon^  third,  fourth,  and  fifth  ribs. 
Its  efieA  is  to  elevate  the  ribs,  di.ate  x!^t  thorax,  and 
confequently  it  is  fnbfervient  to  infpiration. 

Having  removed  thcfe  mufcles,  we  come  to  the 
third  layer,  which  confifts  of  three  on  tlic  back,  and 
three  on  the  neck. 

On  the  back  are, 

The  fpinalis  dorfi,  which  arifes  from  the  fpir.ous 
proccflts  of  the  twouppcrmolt  vertebra!  cf  the  loins 
and  three  inferior  of  the  back,  ana  paflcs  to  the  nine 
uppermoft  fpinous  proceflTcs  of  t!ie  vertebra  of  the 
back.  The  e-vident  effect  of  this  -nufcle  is  to  ftraiten 
the  fpine,  and  prevent  it  from  bendiiii;  forwards. 

The  lon^ifTimus  dorfi  c»i  jorinates  from  the  fide  of 
the  OS  facrum,  anJ  its  Ipirous  proccflesj  from  the 
pofterior  fpine  of  the  ileum  i  from  all  the  fpinous 
proceflcs,  and  from  the  rcots  of  the  trmfverfe  procelfcs 
of  the  vertebrae  of  the  loins.  It  ii  ink/ted  in:o  all 
the  tranfverfe  proceflcs  of  the  vertcbrx  of  the  b^nk, 

and 
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and  alio  into  the  lower  edge  of  the  ten  uppermoft 
ribs>  near  their  tubercles.  This  muicle  ftrengthens 
the  Ipinej  and  keeps  the  body  from  bending  fori" 
wards. 

The  facro^umbalisy  which  ariies  in  common  with 
the  longifiimus  dorfi^  is  inferted  into  all  the  ribs  near 
their  angle*    It  pulls  down  the  ribs,  and  aflifts  k| 
ere Aing  the  trunk  of  the  body. 
'   On  the  neck  we  find,  the 

Complexus,  which  arifes  from  the  tranfvcrle  pro^ 
cefles  of  the  feven  fuperior  vertebrae  pf  the  back  and 
four  inferior  of  the  neck ;  it  is  inferted^  with  the  tra-f 
pezius,  into  the  inferior  edge  of  the  protuberance  in 
the  middle  of  the  os  occipitis,  and  into  a  part  of  die 
curved  line  which  runs  towards  the  maftoid  procds. 
When  they  both  a(5t,  they  draw  the  head  direftlr 
backwards^  or  obliquely  fo  when  only  one  is  qdlp4 
into  a£tion. 

The  trachelo-maftoideus,  which  arUes  from  ch9 
tranfVcrfe  proeeflcs  of  the  three  uppermoft  vertebrae 
ef  the  back^  and  from  the  five  lowermoft  of  the  neck, 
where  it  is  conneded  to  the  tranfverfus  cervicisj  is 
inferted  into  the  pofterior  part  of  the  maftoid  procefs. 
It  afilfts  the  complexus^  but  pulls  the  head  more  to  . 
pne  fide. 

The  levator  fcapulae  arifes  from  the  tranfverto 
procefles  of  the  five  fuperior  vertebrae  of  the  neck» 
and  is  inferted  into  the  fuperior  angle  of  the  fca- 
puk.  It  elevates  the  fcapulai  and  draws  it  ^  little 
forwards. 

The  fourth  layer  confifts  of  two  pair  on. the  back^ 
twi^on  the  pofterior  part  of  the  neck,  four  fn:iall  pair* 
fituated  immediately  below  the  pofterior  part  of  thq 
occiput,  and  three  on  the  fide  of  the  neck* 

On  the  back  are  the 

Semi« 
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Semifpinalis  dorii,  which  aijfcs  from  the  tranfvcrfc 
proccflcs  of  the  fcventh,  eighth,  ninth,  and  tenth  ver- 
trbre  of  the  btck,  is  inferted  into  the  Ipinous  procefles 
of  ell  the  vertebrae  of  the  back  above  the  eighth,  and 
into  the  two  bweitnofl  of  the  neck.  Its  efTeA  is  to 
extend  die  fpinc  backwards. 

The  muhi:idus  fpinas  originates  from^  the  fide  an(l 
^in^^'js  procefles  of  the  os  facrum,and  from  the  pofte- 
rior  parrof  the  os  ileum,  where  it  joins  the  (acrum;  from 
all  the  oblique  and  tranfvcrfc  procefles  of  the  vertebne 
of  the  loins  -,  from  all  the  traofverfe  proceflTcs  of  the 
▼ertebras  of  the  back,  and  from  thofe  of  the  neck,  ex- 
cept the  three  upper ;  its  tendinous  and  mufcular  fibres 
run  in  an  oblique  direftioii,  and  are  inferted  into  the 
fpinous  procefles  of  all  the  vertebrae  of  the  loins,  of 
the  back,  and  of  the  neck,  except  the  firft.  When  one 
fide  of  this  mufcle  afts  by  itfelf  it  extends  the  fpinc 
obliquely^  when  both  a£b  they  draw  it  diredUy  back* 
wards. 

On  thepofl:erior  part  of  the  neck  are  the  femifpina- 
lis  colli,  which  arifes  from  the  tranfverfe  proccflfcs  of 
the  fix  uppermoft  vertebrae  of  the  back,  and  is  inferted 
into  the  fpinous  procefles  of  all  the  vertebrae  of  the 
Iieck.     It  extends  the  neck  backwards. 

The  tranfverfalis  colli,  which  proceeds  from  the 
tranfverfe  procefles  of  the  five  uppermoft  vertebras 
of  the  back,  and  is  inferted  into  the  tranfverfe  pro- 
cefles of  all  the  cervical  vertebrae,  except  the  firft  and 
the  laft,  It  tqms  the  neck  obliquely  backwards  and  a 
little  to  one  fide. 

Below  the  pofterior  part  of  the  occiput  are. 

The  reftus  capitis  pofticus  major.  This  mufcle 
ariies  from  the  external  part  of  the  fpinous  procefs 
of  the  fccond  vertebra  of  the  neck,  afcends  ob- 
liquely outwards^  ^d  is  inferted  into  the  os  occipitis. 

It 
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It  pulls  the  head  backwards^  and  afTifts  n  little  in  its 
rotation. 

The  reftus  capitis  pofticus  minor  arifes  from  a  little 
protuberance  in  the  middle.of  the  back  part  of  the  firft 
vertebra  of  the  neck^  and  is  inferted  near  the  foramen 
xnagnum  of  the  os  -occipitis.  It  aflifts  in  moving  the 
head  backwards. 

The  obliquus  capitis  fuperior  arifes  from  the  tranf* 
vcrfe'procefs  of  the  firfl:  vertebra  of  the  neck,  and  i$ 
inferred  into  the  os  occipitis.  It  draws  the  head  back- 
wardsJ 

The  obliquus  capitis  inferior  ariies  from  the  ipinous 
procefs  of  thq  fccond  vertebra  of  the  neck,  and  is  in- 
ferted into  the  tranfverfe  procefs  of  the  firft  vertebra 
of  the  neck.  This  mufcle  afts  very  powerfully  iq 
giving  a  rotatory  motion  to  the  head« 
.  On  the  fide  of  the  neck  are  thefcalenus  anticuSj  whicli 
arifes  from  the  fourth,  fifth,  and  fixth  tranfverfe  pro* 
ceflTes  of  the  vertebras  of  the  neck,  and  is  inferted  into 
the  upper  part  of  the  firft  rib. 

The  fcalenus  medius,  which  proceeds  from  aU 
the  tranfverfe  proceflfes  of  the  vertebras  of  the  neckj 
and  is  inferted  into  the  upper  and  outer  part  of  tho 
iirft  rib. 

The  fcalenus  pofticus,  which  arifes  from  the  fifth 
and  fixth  tranfverfe  procefTes  of  the  vertebras,  of  the 
neck,  and  is  inferted  into  tlie  upper  part  of  the  fc- 
cond rib. 

The  efFeft  of  all  the  fcaleni  is  to  bend  the  neck  to 
one  fide,  or,  when  the  neck  is  fixed,  to  raifc  the  ribs  and 
dilate  the  thorax. 

There  are  a  number  of  fmall  mufcles  fituated  between 
the  fpinous  and  tranfverfe  proceflTcs  of  contiguous  vcr- 
tcbrse,  fome  of  which  approach  fo  nearly  to  the  nature 

of 
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of  tendons  as  to  fcrve  merely  as  Kgaments.    The  ufe  of 
a]l  thefe  is  to  ftrengthen  and  ere£t  the  fpine. 

In  the  defcription  whidi  has  been  given  of  the  muf- 
des  which  fervc  for  the  motion  of  the  whole  head, 
the  reader  cannot  have  &iled  to  obferve,  how  much 
more  numerous  thofe  are  which  are  inferted  into  the 
back  part  ef  the  head,  and  pull  it  backwards^  than 
thofe  which  have  the  oppofite  infer tion  and  effect. 
The  reafon  of  this  is,  that  the  center  of  gravity  of  the 
head  does  not  fail  on  the  condyls,  on  which  it  is  fup« 
ported,  but  confiderably  farther  forward ;  from  which 
mechaoifm  it  is  evident  that  the  mufcles  which  puli 
die  head  back  muft  be  continually  afted  againfh. 
Hcnccs  when  a  perfbn  falls  afleep,  or  is  afieded  with 
die  palfy,  and  the  mufcles  ceafe  to  aft,  the  head  al- 
ways falls  forwards.  By  the  fpine  being  thus  connedted 
towards  the  pofterior  part  of  the  cranium,  more  fpace 
is  allowed  for  the  cavities  of  the  mouth  and  fauces. 

Mufcles  iituatedon  the  anterior  part  of  the  thorax. 

After  having  removed  the  common  integuments  of 
the  thorax,  we  obferve  a  large  mufcle,  the  peftoralis 
mayor,  which  rifes  from  the  cartilaginous  extremities 
of  the  Jfifth  and  fixth  ribs,  from  almofl  the  whole 
length  of  tie  flemum,  and  from  near  half  the  anterior 
part  of  the  clavicle.  Its  fibres  run  towards  the  axilla, 
and  it  h  inferted  into  die  upper  and  inner  part  of  the 
OS  humeri.  Its  efFeft  is  to  move  the  arm  forwards 
axxl  obliquely  upwards  towards  the  Iternum. 

Having  removed  this  we  come  to  another  layer, 
which  confifts  of  three  mufcles. 

The  fubclavius  is  a  fmall  mufcle  which  riles  from 
the  firft  rib,  and  is  inferted  into  the  inferior  part  of  the 
clavicle.  Its  effcdt  is  to  pull  the  clavicle  downwards 
and  forwards. 

The  peftoralis  minor  arifes  from  tlic  upper  edge  of 

the 
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the  third,  fourth,  and  fifth  ribs,  and  is  infcrtcd  inc*-  the 
coracoid  procefs  of  the  fcapula.  Its  ufc  is  to  '  ring  the 
fcapula  downwards  and  forwards,  or  that  being  fijted, 
to  pull  the  ribs  Upwards. 

The  ferratus  magnus  originates  from  the  nine  iu«> 
perior  ribs,  by  an  equal  number  of  flelhy  points, 
refembling  the  teeth  of  a  faw,  whence  the  term  ferra- 
tus is  derived.  Faffing  over  two  angles  of  the 
fcapula  it  is  inferted  into  itsbafe.  Its  effect  is, to  move 
the  fcapula  forwards,  or  when  the  fcapula  is  forcibly 
railed,  to  draw  the  ribs  upwards. 

The  mufcles  which  cover  the  ribs  being  removed, 
we  obferve  the  fpace  between  the  ribs  filled  up  .with 
double  rows  of  mufcles,  called  the  intercoftales  exteriii 
and  interni.  The  external  arife  from  die  inferior  acute 
edge  of  each  rib,  and  running  obliquely  forwards  are 
inferted  into  the  obtufe  upper  furface  of  the  rib  next 
below.  The  internal  arife  in  the  (ame  manner  as  the 
external,  except  that,  contrary  to  them,  they  begin  at 
jhe  fternum,  and  run  obliquely  backwards.  The  two 
rows  of  intercoftals,  therefore,  decuflate  each  other  likie 
the  ftrokes  of  the  letter  X.  The  efieft  of  the  con- 
tradbion  of  both  feries  is  the  fame,  viz.  that  of  bringing 
the  ribs  nearer  to  each  other,  and  as  each  fcwer  rib  is 
more  moveable  tlian  that  above^  to  raife  the  ribs,  dilate 
the  thorax,  and  affift  in  infpiration. 

Certain  portions,  both  of  the  external  and  internal 
intercoftals,  are  longer,  and  paffing  over  one  rib  arc  in- 
ferted into  the  next  below  it.  The  ribs  are  likewife 
raifcd,  and  their  pofterior  articulations  ftrengthened,  by 
twelve  fhort  mufcles,  which  arife  from  eleven  of  the 
tranfverfc  procefles  of  the  dorfal  vertebrae,  and  the 
lowcft  of  rhofe  of  the  neck,  and  \yhich  are  inferted  into 
the  rib  immediately  below  the  tranfverfe  procefs  firom 
which  each  of  them  rifes. 

TVeftcrno-coftalisarifcs  from  thcL  cartilago  enfifor- 
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misy  and  is  infeited  into  the  lower.edgfc  of  the  cartilages 
of  the  thirds  fburthj  and  fifth  ribs.  Its  efFe£t  is  to  de- 
prefs  thefc  cartilages  and  the  excremides  of  ^e  ribs, 
10  contraft  the  cavity  'Of  the  thorax,  and  therefore  to 
aflift  in  expiration. 

'  The  moft  important  mufcle  of  the  thorax,  however, 
fiill  remaim  to  be  confidered.  The  diaphragm  is  a 
bioad  and  fbrong  mufde,  which  divides  the  cavity  of 
the  abdomen  6com  that  of  the  thorax.  It  is  placed 
Teiy  obliquely  between  thefe  two  cavides,  its  anterior 
conneftion  being  much  higher  than  ks  pofterior.  Its 
middle  part  is  forced  up  by  the  vifcera  of  the  abdomen, 
lb  as  to  form  an  arch.  The  diaphragm,  at  its  anterior 
part,  arifes  Srom  the  upper  and  internal  part  of  the 
cnfifbnn  cartilage,  and  from  the  cartilages  of  the  lixth, 
ievemfa,  and  all  the  inferior  ribs.  The  mufcular  por- 
dons  arifing  fixxn  all  thefe  points  converge  towards  a 
oontuncm  center,  where  they  terminate  in  a  broad  trian* 
gular  tendon.  This  being  directed  downwards  and 
backwards  is  attached  to  a  mufcular  fubftance,  which 
arifes  by  eight  heads  from  the  fccond,  third,  and  fourth 
lumbar  vertebras.  There  are  feveral  paflages  through 
the  diaphragm,  which  muft  not  be  pafled  over  in  (ilence. 
Among  the  mufcular  portions  which  proceed  frum  the 
lumbar  vertebras,  are  openings  through  which  pafs  the 
aorta,  the  thoracic  dud,  the  vena  azygos,  and  the 
cwo  great  intercoftal  nerves.  The  mufcular  fibres, 
which  proceed  from  the  lumbar  vertebrae,  run  ob- 
liquely  upwards  and  forwards,  and  form  in  the 
middle  two  flefhy  columns,  which  decufTate,  and  leave 
ant>val  ipace  between  them  for  the  paflage  of  the 
cefophagus  and  eighth  pair  of  nerves.  Towards  the 
right  fide  of  the  broad  tendon,  which  forms  the  middle 
of  the  diaphragm,  there  is  a  large  quadrangular  open- 
togs  through  which  the  vena  cava  paflcs  to  arrive  at 
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the  heart.  When  the  diaphragm  contrads,  its  con* 
cavity  is  leflened,  particularly  on  each  fide,  over  which 
tlie  lungs  are  placed,  its  center  being  firmly  fixed  from 
its  connection  with  the  mediaftinum«  By  the  defcent^  ^ 
however,  of  its  fides,  it  puihes  downwards  and  for- 
wards the  abdominal  vifcera,  it  lengthens,  and  of  courfe 
enlarges,  the  cavity  of  the  thorax,  and  is  die  principal 
mufcle  of  infpiration.  The  ribs  are  at  the  lame  time 
raifed  by  the  intercoftal  mufcles,  by  which  the  thorax 
is  made  wider.  The  chief  mufcles  of  expiration>  on 
the  other  hand,  are  thofc  which  furround  the  abdomen. 
Thefe  coiuitera6):  i^€  intercoftals,  by  pulling  down  the 
ribs,  in  which  they  are  afiifted  by  the  ferrati,  and  op- 
pofc  the  diaphragm  by  the  poftici  inferiorcs  prefluig 
backwards  and  upwards  the  abdominal  vifcera*  By 
thcfe  mufcles  refpiration  is  in  general  carried  on.  In 
cftfcs,  however,  of  laborious  refpiration,  whether  from 
difeafe  or  violent  eseercife,  x>ther  mufcles  are  called  into 
adtion  \  infpiration  is  then  promoted  by  the  peroral 
mufcles,  the  ferrati  antici  majores,  the  ferrati  poftici 
pofteriores,  and  the  fcaleni.  That  thefe  mufcles  may 
aft  with  more  advantage,  perfbns  labourhig  under  diffi- 
cult refpiration  extend  and  fix  the  neck,  and  raifc  the 
Hioulders.  In  laborious  expiration  the  quadrati  lumbo- 
rum,  facro-lumbales,  and  longiflimi  dorfi,  concur  in 
pulling  down  the  ribs.  The  elafticity  of  the  cartilages 
of  the  ribs  is  alfo  on  all  occafions  an  agent  in  expi- 
ration. 

The  mufcles  fituated  on  the  anterior  part  of  the  ab- 
domen are  five  pair.  On  tlie  middle  of  the  anterior  part 
of  I  he  abdomen,  three  of  its  mufcles,  the  two  oblique 
and  the  tranfvcrfe,  terminate  in  tendinous  fubftaocr, 
which  forms  an  expanfion  the  whole  way  from  thecar- 
tilago  enfiibrmis  to  the  offa  pubis.  This  from  its  white 
appearance  is  called  linea  alba.     The  external  layer  is 
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fbrmed  by  a  mufcle,  which  from  its  fituation  and  die 
direflion  of  its  fibres  is  called  the  obliquus  defccrndens 
cxrcrnus.  This  mufcle  rifes  by  as  many  heads  from 
eight  or  nine  of  the  loweft  ribs  i  its  notches  always  mix 
'With  chofe  of  the  ferratus  major  anticus,  and  generally 
adhere  to  the  pcftoralis  major,  intercoftals,  and  lacifli- 
mus  dorfi.  It  proceeds  obliquely  downwards  end  for- 
wards, and  is  attached  partly  to  tlie  linea  alba  and 
partly  to  the  fpinc-  of  the  ileum.  Its  tendinous  fub- 
ftance,  which  forms  part  of  the  linea  alba,  divides  be- 
low into  two  columns,  which  leave  between  them  a 
flit  named  the  ring  of  the  abdomen ;  of  thefc  columns 
the  inferior  is  inferted  into  the  os  pubis  of  the  (lime  fide, 
the  fuperior  decuflates  its  fellow,  and  pafles  over  to  be 
inferted  into  the  oi  pubis  of  the  other  fide.  That  part 
of  the  external  oblique  mufcle,  which  is  connefted  with 
the  fpinc  of  the  ileum,  is  ftretched  from  the  anterior 
ipinous  procefs  of  that  bone  towards  the  os  pubis, 
forming  what  is  called  Poupart's  or  Fallopius's  liga- 
ment. This  tendon  is  united  with  the  ftrong  tendi- 
nous cxpanfion  of  the  thigh,  called  fafcia  lata,  which 
involves  and  flicachs  the  mufclcs  of  the  thigh,  and,  pro- 
ceeding to  the  K'g,  ptTtbriT^s  there  tl^.e  fame  OiEco. 

The  opening,  called  the  ring  of  ilie  abdo:ncn,  formed 
by  the  tendons  of  this  mufcle,  gives  paflage  to  the 
fpermatic  veflTcls  in  men,  and  the  round  ligaments  of 
the  uterus  in  women.  The  contents  of  the  abdomen, 
getting  through  this  opening,  form  the  inguinal  hernia. 
Under  Poupart's  ligament  pafs  the  great  veflels  of  the 
thigh,  and  this  is  the  feat  of  the  crural  or  femoral  her- 
nia.— This  mufcle  afT.fts  in  the  cxclufion  of  the  fa^ceg 
and  urine,  and  in  expiration,  and  bends  the  body  for- 
wards. 

The  fecond  layer  is  formed  by  the  obliquus  afcen- 
dens  internus.  This  mufcle  arifcs  from  the  (pinoiis 
and  tranfverle  proceflcs  of  the  dircc  uppermoft  lumbar 
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vertebrae,  from  the  upper  part  of  the  facrum,  and  from 
the  fpine  of  the  ileum,  die  whole  length  between  the 
pofterior  and  fuperior  anterior  fpinous  procefs.  Pafling 
obliquely  upwards,  it  is  inferted  into  the  cartilaginous 
part  of  all  the  falfe  ribs  and  the  two  lowed  of  the  true, 
to  the  enfiform  cartilage  and  to  the  fternum.  At  its 
anttrior  part  it  becomes  tendinous,  and  dividing,  re- 
ceives the  reftus  mufcle  between  its  feparate  portions. 
Its  pofterior  portion  is  connefted  with  the  tendon  of 
the  tranfverfalis  mufcle,  its  anterior  with  the  linca  alba« 
At  its  loweft  part  it  is  inferted  into  the  anterior  part  of 
the  OS  pubis.  Its  ufe  is  to  aflift  the  fbrn^r,  but  it 
ber*ds  the  trunk  in  the  reverfe  direftion. 

The  tranfverfalis  has  nearly  the  fame  origins  as  the 
internal  oblique.  It  is  inferted  into  the  cartilago  en(i* 
formis  above,  and  into  the  whole  length  of  the  linea 
alba,  except  at  its  lowermoft  part.  It  fupports  and 
compreflcs  the  abdominal  vifcera. 

The  reftus  abdominis  arifcs  from  the  cartilago  cnfi- 
formis  and  the  cartilages  of  the  three  loweft  true  ribs* 
In  its  courfe  downwards*  it  pafles  through  the  fheath 
formed  by  die  divifion  of  the  tendon  of  the  internal 
oblique,  having  the  tendon  of  the  external  oblique 
without,  and  that  of  the  tranfverfalis  within.  The 
reftus  is  generally  divided  by  three  tendinous  in- 
terfc£tions.  Below  it  is  connefted  to  the  offa  pubis^ 
where  they  are  joined  to  each  other.  The  ufe  of  this 
mufcle  is  to  comprefs  die  fore  part,  and  more  particu* 
larly  the  lower  part  of  the  abdomen.  It  alfo  bends  the 
trunk  forwards,  or  raifes.the  pelvis  towards  the  fter- 
num. By  being  furrounded  by  the  tendons  of  other 
mufcles,  it  is  prevented  from  ftarting  from  its  fituation. 

The  pyramidales  are  a  ftiort  pair  of  mufcles,  fre- 
quently wanting  j  they  arife  from  the  ofla  pubis,  and 
are  inferted  into  the  linea  alba  about  half  way  between 

th^ni  and  the  aaveU    They  afTift  the  rectus. 
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The  anterior  part  of  the  abdomen  is  diftinguiflied 
mto  feveral  divifions,  called  regions,  i.  The  epi- 
gaftric  r^on,  which  reaches  from 'the  pit  of  the  fto- 
mach  to  within  three  fingers  breadth  of  the  navel,  and 
is  bounded  laterally  by  the  hypocondria.  .  2.  The 
Uoibilical  region,  which  extends  three  fingers  breadth 
above  and  below  the  navel,  and  is  terminated  laterally 
by  the  lumbar  regions  j  and  3.  Below  the  umbilical 
regbn  is  the  hypogaftric,  on  each  fide  of  which  are  the 
iliac  rc^ons.  Still  lower  down  is  the  region  of  the 
pubis. 

Within  the  cavity  of  the  abdomen  are  fituated  four 
pair  of  mufcles.  The  pfoas  magnus  arifes  from  the 
fide  of  the  body  and  tranfverfc  procefs  of  the  lowed 
vertebra  of  the  back,  and  from  thofe  of  all  the  ver- 
ccbrse  of  the  loins.  Faffing  downwards  through  the 
pelvis  It  is  inferred  partly  into  the  leffcr  trochanter,  and 
partly  into  that  part  of  the  os  femoris  a  litde  below  it* 
It  raifes  the'  thigh  forwards,  or  when  the  thigh  is  fixed^ 
as  in  the  pofture  of  ftanding,  it  bends  the  trunk  for- 
wards on  the  ofla  femoris.  The  pfoas  parvus  proceeds 
frota  the  two  upper  vertebrae  of  the  loins,  and  fending 
off  a  fmall  long  tendon,  is  inferted  into  the  brim  of  the 
pelvis  at  the  junftion  of  the  os  ileum  and  pubis.  It 
aflifts  the  pfoas  magnus  in  bending  the  loins  forwards. 

The  iliacus  internus  arifes  from  the  tranfverfe  pro- 
cefs of  the  laft  vertebra  of  the  loins,  from  the  inner 
edge  of  the  fpine  of  the  ileum,  from  the  edge  of  that 
bone  between  its  anterior  fpinous  procefs  and  the 
acetabulum,  and  from  moft  of  the  hollow  part  of  tha 
ileum.  It  joins  with  the  pfoas  magnus,  where  it  be- 
comes tendinous,  is  inferted  along  with  it  into  the 
fmaller  trochanter,  and  has  the  fame  efFedt. 

The  quadratus  lumborum  is  fcated  further  back- 
ward I  it  arifes  from  the  pofterior  part  of  the  fpine  of 
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the  ileum,  and  is  infcrted  into  the  tranfvcrfe  procetfes- 
of  all  the  lumbar  vencbrre,  into  the  laft  rib  near  the 
Ibine,  and  by  a  fmall  tendon  into  the  fide  of  the  laft 
vertebra  of  the  back.  Its  ufe  is^  to  draw  the  loiRS 
tp  one  fide,  or,  when  both  a<5t,  to  bend  the  loins 
forwards  towards  the  ileum. 

Within  the  pelvis  are  placed  the  obturator  internus, 
which  arifes  from  the  internal  circumference  of  the 
foramen  thyroideunri.  Its  tendon  pafies  out  of  the 
pelvis,  between  the  pofterior  facro-ifchiatic  ligament 
and  the  tuberofity  of  the  os  ifchium,  and  is  inferted 
into'  the  large  pit  at  the  root  of  the  .trochanter  ma- 
jor. Its  effeft  is  to  roll  the  os  femoris  obliquely  out- 
wards. 

The  coccygcus  pafles  from  the  fpinous  procds  of 
the  ifchium  to  the  bottom  of  the  os  facrum^  vtA  the 
whole  length  of  the  os  coccygis.  By  its  contraftion  the 
as  coccygis  is  drawn  forwards. 
'Belonging  to  the  anus  are^ 

The  fphinfter  ani,  which  arifes  from  the  flcin  and 
fat  which  furrounds  the  verge  of  the  anus.  The  fibres 
are  gradually  coUefted  into  an  oval  form,  and  fur- 
round  the  extremity  of  the  redlum,  which  they  fervc  to 
eontraft. 

The  levator  ani  arifes  from  the  os  pubis,  within  the 
pelvis,  and  from  the  fpinous  procefs  of  the  ifchium.  It 
is  inferted  into  the  fphinfter  ani,  acceleratorcs  urinae*> 
and  the  point  of  the  os  coccygis.  It  furrounds  the 
extremity  of  the  reflum  and  the  neck  of  the  bladder^r 
fo  that  joining  with  its  fellow,  they  together  very  much 
refemble  the  fliape  of  a  funnel.  It  fupports  Snd  draws 
vpwards  the  re6tum» 


Chap.  13-]  [    1^5    1 


Chap,    XIII. 

MUSCLES  OF  THE  INFERIOR  EXTREMITIES. 

ISMfcUs  of  the  Thigh, ^Of  the   Leg.^^Of  the  toot  and  Tots. 
s 

AS  die  two  fides  of  the  trunk  of  the  body  corre- 
fpond,  a  defcription  of  one  fide  is  to  be  uncfcr- 
ftood  as  applying  equally  to  botli*  In  the  fame  man- 
ner the  parts  of  the  extremities  have  their  fellows  on 
the  oppofite  fide. 

The  mufcles  which  belong  to  the  thigh,  and  are  fitu- 
atcd  at  the  anterior  part  of  the  pelvis,  are. 

The  pfoas  magnus,   7  ^^^^   defcribed. 

The  uiacus  intemus,  J 

The  pcftinalis  arifes  from  the  upper  and  anterior 
part  of  the  os  pubis,  immediately  above  the  foramen 
thyroideum.  It  is  inferted  into  the  anterior  and  upper 
part  of  the  Itnea  afpera  of  the  Os  fcmoris,  a  lictle  below 
the  trochanter  minor.  Its  ufc  is  to  draw  the  thigh 
upwards  and  inwards,  and  to  roll  it  in  Ibme  degree 
outwards. 

The  triceps  adduftor  femoris  arlfcr,  by  three  diftindt 
heads  from  the  ofia  pubis,  and  is  inferted  into  almofl: 
the  whole  length  of  the  linca  afpera,  into  a  ridge  above 
the  internal  condyl  of  the  os  femoris  and  into  the  up- 
per part  of  that  condyl.  The  ufc  of  this  extenfivc 
mufcle  is,  as  the  name  exprcfles,  to  draw  the  thighs  to- 
gether; it  alfo  at  the  fame  time  tends  to  move  them 
upwards  and  to  roll  the  thigh  outwards. 

The  obturator  externus  furrounds  the  foramen  thy- 
roideum,  and  alfo  rifcs  from  tlie  membrane  w!:ich  fills 
up  that  foramen,  and  from  the  adjacent  parts  of  the  os 
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pubis  and  iibhium.  Its  fibres  converge  to  a  point>  and 
palling  outwards  around  the  back  part  of  the  neck  of 
the  OS  femoris,  are  infcrted  by  a  ftrong  tendon  into  the 
'  inner  and  back  part  of  the  trochanter  major,  adhering ' 
in  their  courfe  to  the  capfular  ligament  of  the  thigh 
bone.  Its  ufe  is  to  roll  the  thigh  bone  obliquely  out- 
wards, and  to  prevent  the  capfular  ligament  from  being- 
pinched.  , 

The  mufcles  placed  at  the  pofterior  part  of  the  pel- 
vis, and  dcfigned  for  the  motions  of  the  lower  extre- 
mity are,  the  gluteus  niaximus,  which  forms  the  ex- 
ternal layer,  and  arifes  from  the  pofterior  part  of  the 
fpine  01  the  ileum,  from  the  whole  pofterior  furfacc  - 
of  the  OS  facrum,  and  from  the  pofterior  facroifchiatic 
ligament ;  dcfcending  obliquely,  it  pafles  over  xhfi 
'  trochanter  major,  is  firmly  connected  to  the  tendipous  ■ 
expanfions  of  the  tenfor  vaginse  femoris,and  is  inferted 
by  a  broad  tendon  into  the  upper  and  outer  part  of  the 
linea  alpera.  The  effeft  of  this  mufcle  is  to  draw  the 
thigh  back\Vards  and  a  little  outwards. 

The  gluteus  medius  forms  another  layer.  It  arifes 
from  the  anterior  fuperior  fpinous  procefs  and  the  dorr 
fum  of  the  os  ileum,  and  is  inferted  into  the  outer  and 
])ofterior  part  of  the  trochanter  major.  Its  ufe  is  to 
draw  the  thigh  outwards,  and  a  little  backwards,  and 
to  roll  it,  efpcclally  when  it  is  bended. 

The  third  layer  confifts  of  four  mufcles. 

The  gluteus  miinimus  arifes  from  the  outer  furfacc 
of  the  OS  ileum  and  the  border  of  the  great  niche.  It 
is  infcrtf  d  into  the  upper  and  anterior  part  of  the  great 
trochanter,  and  aflifts  the  former  mufcle. 

The  pyriformis  arifes  within  the  pelvis,  fron^  the  an- 
terior part  of  the  os  facrum,  thence  becoming  narrower^ 
it  paPies  out  of  the  pelvis  along  with  the  pofterior  cruraj 
nerve,  below  the  niche  in  the  pofterior  part  of  the  os 

ileum^ 
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ileuiTL  It  is  inferted  into  a  cavity  at  the  root  of  the 
trochanter  major.  By  its  contraftion  it  moves  the 
thigh  a  little  upwards,  and  rolls  it  outwards. 

The  gemini  confifts  of  two  portions,  one  of  which 
rifes  from  the  outer  furface  of  the  fpine  of  the  os  if- 
chium^  the  other  from  the  tuberofity  of  the  os  ifchium 
and  pofterior  (acro-ifchiatic  ligament.  It  is  inferted 
into  the  fame  part  of  the  trochanter  major  with  the 
pyriformis  and  obturator  internus.  This  nruifcle  rolls 
the  thigh  outwards,  and  confines  the  tendon  of  the  ob- 
turator internus. 

The  quadratus  femoris  arifcs  from  the  outfide  of  the 
tuberofity  of  the  os  ifchium,  is  inferted  'into  a  ridge 
which  pafi[es  from  one  trochanter  to  the  other,  and  rolls 
the  thigh  outwards. 

The  mufcles  feated  on  the  thigh,  and  which  move 
the  leg,  confift  of  two  on  the  infide,  one  on  the  outfide^ 
four  before,  and  four  behind. 

On  the  infide  are. 

The  fartorius,  which  arifes  from  the  fupcrior  an- 
terior fpinous  procefs  of  the  ileum.  This  long  mufcle, 
running  downwards  and  a  little  inwards,  is  inferted 
into  the  inner  fide  of  the  tibia.  It  draws  the  legs 
obliquely  inwards,  fo  as  to  bring  the  legs  acrofs  each 
other,  for  which  reafon  it  is  called  the  fartorius,  or  the 
taylor's  mufcle. 

The  gracilis  arifes  near  the  fymphyfis  of  the  oflSi 
pubis,  and  is  inferted  with  the  fartorius  into  the  inner 
part  of  the  tibia.  It  aflifts  the  fortorius  in  bringing 
the  legs  acrofs,  and,  when  they  are  a  little  bent,  to 
concur  in  bending  them  further. 

On  the  outfide  of  the  thigh  is  placed 

The  tenfor  vagina  femoris,  which  arifes  from  the 
external  part  of  the  anterior  fuperior  fpinous  procefs  of 
the  08  ileum.     It  is  inferted  into  the  tendinous  fafcia 
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which  covers  and  confines  the  mufclcs  of  the  thighs 
Itsufe  is  to  ftretch  anc^  fupport  the  fafcia,  and  alio  ta 
roll  the  thi^h  IbmcwhAt  ipwards. 

On  the  fore-part  of  the  chigh  are. 

The  rectus,  which  arifes  partly  from  the  inferior  and 
anterior  fpinous  procefs  of  the  ikum,  and  partly  from 
the  dorfum  of  the  ileuprj,  a  little  above  the  acetabulum. 
,  Faffing  down  the  middle  of  the  os  femoris  it  is  infertcd 
into  the  patella,  by  the  intervention  of  which  its  ef{€ft> 
th^t  of  extending  the  leg,  is  much  increafed. 

The  vaftus  externus  arifes  from  the  root  of  the  tro^  . 
chanter  major,  and  the  outer  edge  of  the  linea  afpera 
through  its  whole  length.  It  is  inferted  partly  into  thie 
upper  and  outer  part  of  the  patella,  and  partly  into  the 
tendinous  expanfion,  which  is  continued  from  the  out- 
fide  of  th^  thigh  to  that  of  the  leg.  This  mufcle  aflifts 
the  former  in  extending  the  leg. 

The  vaftus  internus  arifes  from  the  fore  part  of  thp 
OS  femoris,  the  root  of  the  trochanter  minor,  and  inner 
edge  of  the  linea  afpera.  It  terminates  partly  in  the 
tendinous  aponeurofis  of  the  leg,  and  is  partly  inferted 
into  the  inner  and  upper  part  of  the  patella.  It  alfo 
extends  the  leg. 

The  cruraeus  arifes  from  the  anterior  part  of  the 
OS  femoris,  between  the  two  trochanters,  but  nearer 
the  trochanter, minor.  It  adheres  firmly  to  the  whole 
of  the  anterior  part  of  the  os  femoris,  is  inferted  into 
the  middle  of  the  patella,  and  affifts  in  extending  tbc 
leg. 

On  the  pofterior  part  of  the  thigh  are  placed 

The  femitcndinofus,  which  arifes  from  the  tubero- 
f]tv  of  the  osifchium,  and  is  inferted  into  the  infide  of 
tlie  ridqe  of  the  tibia  a  little  below  i:s  tubercle.  Its 
cfit(ft  is  to  bend  the  leg  and  draw  it  inwards. 

The  fcmimcmbranofusa  wliich  originates  Horn  the 

tuberufity 
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tubcroficy  of  the  ifcHium,  and  is  inferted  into  the  inner 
and  back  part  of  the  head  of  the  tibia.  It  bends  ths 
leg,  and  brings  it  direfUy  backwards. 

The  biceps  flexor  cruris  arifes  by  two  diftin6b  heads. 
Of  thefe  the  longer  proceeds  from  the  tubcrofity  of  the 
iichium,  and  the  fhorter  from  the  linea  afpera^  a  little 
bck>w  the  termination  of  the  gluteus  maximus.  The 
two  h^ads  join  a  little  above  the  external  condyl  of  the 
OS  fcmoris,  and  are  inferted  by  a  ftrong  tendon  into  the 
head  of  the  fibula,  forming  the  external  ham-ftring. 
The  internal  is  formed  by  the  two  preceding  mufcles. 

The  popliteus  arifes  from  the  lower  and  back  part 
of  the  external  condyl  of  the  os  fcmoris,  it  runs  over 
the  ligament  which  involves  rhe  joint,  and  is  inferted 
into  a  ridge  at  the  upper  and  internal  edge  of  the  tibia, 
a  little  below  its  head.  It  afTifts  in  bending  the 
leg,  and  prevents  the  capfular  ligament  from  being 
pinched. 

The  mufcles  fituated  on  the  leg,  and  which  per- 
form the  motions  of  the  foot,  are  either  extenfors  or 
flexors  of  the  foot,  or  extenfors  and  flexors  of  the 
toes  in  general. 

The  extenfors  of  the  foot  are  :  the  gaftrocncmius, 
which  arifes  by  two  heads,  one  rrom  each  of  the  con- 
dyls  of  the  os  fcmoris.  A  little  below  the  joint  their 
fleftiy  bellies  unire  in  a  middle  tendon,  and  below 
the  middle  of  the  tibia  it  tcrmin::tes  in  a  broad  tendon 
of  the  following  mufcle. 

The  fblcus,  or  gaftrocncmlus  intcrnus,  alio  arifes  by 
two  heads  i  one  from  the  upper  and  back  part  of  the  head 
of  the  fibula,  the  other  from  the  upper  and  poftcrior  part 
of  the  tibia.  The  fle(h  of  this  mufcle,  covered  by  the 
tendon  of  the  gemellus,  runs  down  nearly  as  far  as  the 
extremity  of  the  tibia,  a  little  above  v/hich  the  tendons 
of  thii  and  of  the  preceding  mufcle  unite,  forming  a 
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ftrong  cord  called  tcndo  achillis,  which  is  infertcd  into  - 
the  pofterior  and  projefting  part  of  the  os  calcis.    The 
diftance  of  the  extremity  of  the  os   calcis  from  the  ' 
aftragalus,  which  is  the  center,  on  which  the*  motions 
of  the  foot  are  performed,  gives  thefe  mufcles  great 
power.     Their  efFedl  is  to  extend  the  foot  by  bring- 
ing it  more  nearly  into  the  direftion  of  the  tibia. 
When  the  foot,  howev^er,  becomes  the  more  fixed 
point,  as  in  the  creft  pofture  of  the  body,  tljefe  two 
nxifcles,  by  preffing  the  foot  againft  the  ground,  rail^ 
-the  body ;  they  are  therefore  very  much  employed  in 
walking,  running,  and  jumping,  but  particularly  in- 
afcending  fteps,   whence  the    fatigue    felt  in   thcfe 
mufcles  which  form  the  calves  of  the  legs  by  a  con- 
tinuance of  that  exercife. 

The  plantaris  arifes  from  the  upper  and  back  part 
of  the  external  condyl  of  the  os  femoris,  adhering 
in  its  defcent  to  the  c^pfular  Jigarpent;  of  the  knee, 
PaOing  under  the  geniellu^  it  foon  terminates  in  a  thin 
tendon,  which  is  the  longeft  in  the  body,  and  which 
is  inftrted  into  the  infide  of  the  back  part  of  the  os 
calcis.  It  co-operates  with  the  former  mufcle  in  ex* 
tending  the  foot,  and  alfo  pulls  the  capfular  ligament 
of  the  knee  from  between  the  bones^  and  prevents  it 
from  being  pinched. 

The  flexors  of  the  foot  are  four,  two  of  which  be- 
long to  the  tibia  and  two  to  the  fibula. 

The  tibialis  anticus  proceeds  from  the  upper  and 
fore  part  of  the  tibia,  and  from  the  interofleus  liga- 
ment. Near  the  extremity  of  the  tibia  it  fends  off  a 
round  tendon,  which  pafles  under  the  ligamentum 
tarfi  annulare  near  the  inner  ankle.  It  is  itiferted  into 
the  infide  of  the  os  cuneiforme  internum  and  the  pofte-iK 
rior  end  of  the  metacarpal  bone,  which  fuftains  the 
greai  tge.    Tl}e  effcft  of  this  mufcle  is  to  bend  the 
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foot,  by  drawing  it  upwards^  and  at  the  fame  time 
to  turn  it  inwards. 

The  tibialis  podicus  proceeds  from  the  upper  part 
of  the  tibia  near  its  union  with  the  fibula,  then  paQing 
trough  a  perforation  in  the  interoffeous  ligameot,  it 
continues  its  origin  from  the  interofleous  ligament, 
and  from  the  upper  half  of  the  tibia,  receiving  alfo  a 
few  fibres  from  the  fibula.  It  fends  off  a  round  ten- 
don, which  pafles  in  a  groove  behind  the  malleolus 
internus.  It  is  inferted  into  the  inner  part  of  the  os 
naviculare,  and  into  the  adjacent  bones,  at  the  internal 
and  upper  part  of  the  foot.  This  mufcle  alfo  bend^ 
the  foot,  and  turns  it  inwards. 

The  two  flexors  which  proceed  from  the  fibula,  are, 
.  The  peroneus  longus,  which  arlfes  from  the  fore- 
part of  the  head  of  the  fibula  or  feroncy  and  alfo 
continues  to  receive  fibres  from  the  external  part  of 
this  bone  almoft  as  low  as  the  ankle.  Its  tendon 
runs  in  a  channel  at  the  back  part  of  the  outer  ankle, 
thence  being  refleftcd  to  the  finuofity  of  the  os  calcis, 
it  runs  in  a  groove  in  the  os  cuboides,  and  pafling  clofe 
to  the  bones  in  the  fole  of  the  foot,  it  is  inferted 
chiefly  into  the  metatarfal  bone  of  the  great  toe. 
This  mufcle  moves  the  foot  outwards  and  a  litdc 
upwards. 

The  peroneus  brevis  arifes  from  the  outer  and  fore 
part  of  the  fibula.  Its  tendon  pafles  behind  the  outer 
ankle,  in  which  fituation  it  is  retained  by  the  fame 
ligament  as  that  of  the  laft  mufcle.  It  is  inferted  into 
the  root  and  external  part  of  the  metatarfal  bone  of  the 
little  toe.  This  mufcle  alfo  moves  the  foot  outwards 
and  a  little  upwards. 

The  common  extenfors  of  the  toes  are. 

The  extcnfor  longus  digitorum  pedis,  which  arifes 
from  the  upper,   outer,  and   fore  part  of  the  tibia, 

interoffeous 
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interonTeous  Iigannenc«  and  inner  edge  of  the  fibuku 
It  divides  Into  four  tendons  under  the  ligamentum 
tarfi  annulare.  Ic  is  inferted  by  four  flat  tendons  into 
the  roots  of  the  firft  joints  of  the  four  ftnall  toes.  Its 
life  is  to  eiitend  all  the  joints  of  thefe  toes.  A  por- 
tion of  this  mufcle  is  inferted  into  the  metatarial  bone 
of  the  little  toe,  affifts  in  bending  the  foot^  and  is 
c^]^d  the  peroneus  tertlus. 

,  The  extcnfor  brevis  digitorum  pedis  arifes  from  the 
fore  and  upper  part  of  the  os  calcisj  is  inferted  into  the 
tendinous  expanfion  at  the  upper  part  of  the  foot^  and 
txt^nds  the  toes. 

The  conrmion  flexors  of  the  toes  are. 

The  flexor  brevis  digitorum  pedis,  which  arifes  from 
the  lower  part  of  the  os  calcis.  Its  thick  flefhy  belly 
Ibpn  divides  into  four  tendons,  which,  after  being 
pierced  by  thofe  of  the  following  mufcle,  are  inierted 
into  the  fecond  phalanx  of  the  four  fmall  toes.  This 
niufcle  bends  the  fecond  joint  of  thefe  toes. 

The  flexor  longu$  digitorum  pedis  arifes  from  the 
upper  and  back  part  of  the  tibia,  fome  diftance  below 
its  head.  In  its  courfe  downwards  it  is  increafed  by 
flefhy  fibres  from  the  inner  edge  of  the  tibia,  and  by 
means  of  tendinous  fibres  is  conneded  to  the  outer 
edge  of  that  bone,  PafTing  under  two  annular  liga- 
ments, which  retain  its  tendon  in  its  proper  fituation, 
it  is  received  into  a  finuofity  at  the  infide  of  the  os 
calcis,  and  about  the  middle  of  the  fole  of  the  foot 
divides  into  four  tendons,  which  perforate  thofe  of  the 
flexor  brevis,  and  are  inferted  into  the  extremity  of  the 
iaft  joint  of  the  four  fmall  toes.  Its  ufe  is  to  bend  the 
lafl:  joint  of  the  toes. 

Tiiis  mufcle  receives,  in  the  fole  of  the  foot,  another, 
which  arifes  from  the  mfick  of  the  os  calcis,  and  which 
increaics  its  ftreng^h. 

The 
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The  lumbricales  pedis  are  four  fmall  mufcles  in  the 
fok  of  the  foot,  fo  called  from  their  refemblancc  in 
fire  and  appearance  to  earth-worms :  they  arife  from 
the  four  tendons  of  the  flexor  digitorum  longus,  and 
arc  uifcrted  into  the  infide  of  the  firft  joint  of  the  four 
fmall  toes.  Thef^  mufcles  render  the  flexion,  of  the 
toes  more  extcnfive,  and  draw  them  inwards. 

The  mufcles  fituated  chiefly  on  the  foot  arc  thofc  de- 
iigned  for  the  motions  of  each  of  the  toes  in  particular. 
To  the  great  toe  belong  five  mufcles.  Of  thefe,  one 
extends  it,  two  bend  it,  one  draws  it  outwards,  and 
another  inwards. 

The  Ktde  toe,  befides  the  common  flexors  and  ex- 
tCDfocs,  has  two  mufcles  proper  to  itfelf.  One  of  thefc 
dxaws  it  outwards,  and  the  other  contributes  to  its 
flexion. 

Between  die  metatarfal  bones  are  alfb  feated  {even 
mulcles,  called  the  interoflTei  interni  et  externL  The 
intef  nal  interoflei  are  three  in  number ;  their  ufe  is  to 
draw  the  three  fmaller  toes  towards  the  great  toe.  The 
external  interoflei  are  four;  of  thefe,  the  firfl:  ferves 
to  nQQve  the  fore-toe  tpwards  the  great-toe ;  the  other 
three  draw  the  three  toes  next  the  great  toe  outwards. 
All  the  interoflei  aflift  in  extending  the  toes. 

The  tranfvcrfalis  pedis  arifes  from  the  under  part  of 
Ac  anterior  extremity  of  the  metatarfal  bone  of  the 
great  toe,  and  terminates  at  that  of  the  metatarfal  bone 
of  the  little  toe.     By  the  contraftion  of  this  mufcle  the 
great  and  litde  toes  are  brought  nearer. 

The  mufcles  fituated  in  the  foot  are  covered  and 
protefted  by  a  ftrong  tendinous  expanfion,  which 
pafles  from  the  os  calcis  to  the  firft  joints  cf  all  the 
toes. 
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JHUSCLES  OF  THE  SUPERIOR  EXTREAlITlEl 

tcafular  MufcUsv-^Mi^chs  of  the  Fore^arm.^-^Of  tht  Hand.^^C/ 

the  Fifths* 

TH  £  pe(^oraIis  thajor  atid  latUIimus  dorfi  hive 
already  been  defcribed. 

the  mufcles  which  arc  felted  bh  the  fcapula^  and 
which  are  inlerted  into  the  6s  humeri,  are. 

The  fuprafpirtatus,  which  arifes,  as  its  name  ex* 
prefles,  from  that  part  of  the  fc^puli  which  is  above 
its  fpine ;  it  pafles  under  the  acromion,  adhering  to  the 
capfular  ligament  of  the  os  humeri,  and  is  inferted 
into  the  large  tuberofity  on  the  head  of  that  bone.  Its 
life  is  to  raife  the  arm  upwards,  and  to  draw  the  cap* 
fular  ligament  from  between  the  bones,  fb  that  it  may 
not  be  hurt  by  compreflion, 

The  infrafpinatus,  which  originates  from  all  that 
part  of  the  bafe  of  the  fcapula  that  is  between  its  Ipine 
and  inferior  angle;  and  alfo  from  the  fpine  as  far  as 
the  cervix  fcapulse.  Its  tendon,  running  forwards,  is 
connefted  with  the  capfular  ligament,  and  termmates 
in  the  middle  and  upper  part  of  the  protuberance  on 
the  head  of  the  os  humeri.  This  mufcle  rolls  the 
humerus  outwards,  fupports  the  arm  when  railed,  and 
alfo  aflifts  in  raifmg  it,  and  pulls  the  ligament  from  be* 
tween  the  bones. 

The  teres  minor  arifes  from  the  inferior  cofta  of  the 
fcapula,  and  is  inferted  into  the  back  part  of  the  tu- 
berofity on  the  head  of  the  os  humeri.  Its  ufe  is  td 
roll  the  humerus  outwards  and  draw  it  backwards,  and 

by 
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by  its  connection  with  the  capfular  ligament  of  the  os 
humeri^  to  draw  it  from  berween  the  bones. 

The  teres  major  arifes  from  the  inferior  angle  and 
inferior  cofta  of  the  fcapula ;  its  flefliy  fibres  are  cori- 
tinued  over  part  of  the  infrafpinatus  mufcle,  to  which 
they  firmly  adhere.  It  is  inferted,  by  a  broad  and  thirt 
tendon^  along  with  the  latiflimus  dor(i^  into  the  ridge 
at  the  inner  fide  of  the  groove  for  lodging  the  tendon 
of  the  long  head  of  the  biceps.  Its  efieft  is  to  roll 
die  humerus  inwards,  and  draw  it  backwards  and 
downwards. 

The  deltoides  arifes  fi-om  -the  clavicle,  proceflus 
acromion,  and  the  fpine  of  the  fcapula ;  fi-om  thefe 
origins  its  fafciculi  converge,  forming  a*  covering  to  the 
anterior  part  of  the  joint  of  the  os  humeri.  It  is  in- 
ferted into  a  rough  protuberance  in  the  outer  fide  of  the 
os  humeri.  The  chief  effeft  of  this  mufcle  is  to  raife 
the  arm ;  but  from  the  different  diredion  of  its  fibres, 
it  may  alfo  move  it  backwards  or  forwards. 

The  coraco-brachialis  arifes  from  the  fore  part  of 
the  coracoid  procefs  of  the  fcapula,  is  inferted  into  the 
middle  and  inner  fide  of  the  os  humeri,  and  moves  the 
ar(n  upwards  and  forwards. 

The  fiibfcapularis  arifes  from  the  whole  internal  fur- 
fact  of  the  fcapula  -,  after  being  attached  to  the  cap- 
fular ligament,  it  is  inferted  into  the  upper  part  of  the 
fnruli  internal  protubci  ance  at  the  head  of  the  os  humeri. 
It  rolls  the  os  humeri  inwards,  draws  it  to  the  fide  of 
the  body,  and  draws  the  capfular  ligament  from  be- 
tween the  bones. 

The  mufcles  fituated  on  the  os  humeri,  and  which 
move  the  fore -arm,  are  only  four;  two  being  placed 
before  fOr  the  flexion  of  the  joint,  and  two  behind  for 
its  extenfion.     Thofe  placed  before  are. 

The  biceps  flexor  cubiti,  which  confifts  of  two  heads, 
which  unite  about  the  middle  of  the  os  humeri.    Of 
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thcfe  the  fliorter  rifes  from  the  coracoid  procels  of  the 
fcapula;  the  longer  and  outcrmoft  begins  from  the 
upper  edge  of  the  glenoid  cavity  of  the  fcapula,  paffes 
over  the  head  of  the  os  humeri  within  the  joint,  and 
in  its  defcent  without  the  joint  is  inclofed,  by  a  mem- 
branous ligament,  in  a  groove  near  the  head  of  the  os 
humeri.  This  mufcle  is  infcrted,  by  a  ftrohg  roundifli 
tendon,  into  the  tubercle  on  the  upper  end  of  the  radius 
internally.  Its  effedls  are  to  bend  the  fore*  arm,  and 
to  turn  the  radius  outwards,  and  lb  bring  the  palm  of 
the  hand  uppermoft.  Part  of  die  tendon  proceeding 
from  this  mufcle  is  alfo  fpent  in  a  tendinous  expanfion, 
which  covers  all  the  mufcles  at  the  mfide  of  the  fore 
arm,  and  joins  with'  another  tendinous  membrane, 
which  is  fcnt  off  behind  from  the  triceps  extenfor  cu- 
biti.  The  ufe  of  thefe  expanfions,  as  in  other  parts  of 
the  body,  is  to  confine  the  motions  of  the  mufcles,  to 
proteft  them,  and  to  give  origin  to  a  number  of 
tibres. 

The  brachialis  internus  arifes  from  the  os  humeri  at 
each  fide  of  the  infcrtlon  of  the  tendon  of  the  deltoides. 
Being  clofely  iipplicd  to  the  inferior  and  inner  part  of 
,  the  OS  humeri,  it  runs  over  the  joint,  is  firmly  attached 
t.)  the  ligament,  unci  is  inkrtcd  into  the  coronoidpro- 
cefs  of  the  ulna,  it  alfifts  the  former  mufcle  in  bend* 
ing  the  fore-arm. 

Behind  are 

The  triceps  extcnlbr  cubiri,  which  confifts  of  three 
hc:uU  i  of  thcfe  ore  procecvis  from  the  inferior  Cofla 
of  die  fcapula,  another  from  the  upper  and  buttr  part 
of  the  OS  humeri,  and  the:  thVd  from  the  back  part  of 
that  bone.  Thcfe  inret:  heads,  when  united,  form  a 
large  mufcle,  which  is  cloilly  applied  to  the  poflerior 
part  of  the  humerus,  from  which  they  receive  fomc 
6  mufcular 
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tnufcular  fibres.  This  mufcle  is  fixed  to  the  upper 
and  outer  part  of  the  olecranon  of  the  ulna. 

The  anconeus  arifes  from  the  external  condyle  of 
the  OS  humeriy  and  is  inferred  into  a  ridge  on  the  outer 
and  pofterior  edge  of  the  ulna.  It  affifts  in  extending 
the  fore-arm. 

The  mufcles  (ituated  on  the  fore -arm  may  be  di- 
vided into  four  orders :  i .  Flexors  and  exccnfors  of 
die  whole  hand.  a.  Flexors  and  ebctenfors  of  the  fin- 
gers. ^  Supinators  and  pronators,  or  thofe  which 
roll  the  radius  on  the  ulna^  4%  Flexors  and  extenfors 
of  the  thumb  and  fore^finger. 

The  firft  order  confifts  of  three  flexors  and  three  ex« 
ten(br&     The  flexors  are> 

The  palmaris  longus,  which  arifes  from  the  inner 
condyle  of  the  os.  humeri>  and  is  inferted  pardy  into  the 
annular  ligament,  which  confines  the  tendons  feated  in 
the  wrift,  and  partly  into  the  tendinous  expanfion,  which 
Covers  the  palm  of  the  hand.  This  mufcle  bends  the 
wrift  and  flretches  this  membrane. 

The  palmaris  brevis,  which  originates  from  the  an- 
nular ligament  and  tendinoub  cxpanfion  on  the  palm 
of  the  hand,  and  is  inferted  into  thr  03  pififorrn'-,  and 
the  (kin  covering  the  abduvflor  minimi  digici.  .  It  affifts 
in  contrafting  the  palm  of  the  hand.  This  fmaJl  muf- 
cle is  commonly  confidered  as  belonging  to  the  former. 

The  flexor  carpi  radialis  proceeds  frorp  the  inner 
conSyleof  the  os  humeri,  and  is  infercei  into  the  me- 
tacarpal bone  of  the  forc-fingeri  It  bends  the  hand 
and  afliRs  in  its  pronation,  that  is,  in  turning  the  palm 
downwards. 

The  flexor  carpi  ulnaris  arifes  alfo  from  the  internal 
condyle  of  the  os  humeri,  and  alfo  from  the  outer  fide 
of  the  olecranon,  h  is  inferted  into  the  os  pififorme, 
and  aflifls  in  bending  the  wrift. 

Vol.  Ill,  N  The 
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The  extenfors  of  the  wBole  hand  are, 

The  extenfor  carpi  radialis  longior,  which  anies 
from  the  lower  part  of  the  external  ridge  of  the  os  hu- 
meri, above  its  external  condyle.  It  is  inferted  into 
the  upper  part  of  the  "metacarpal  bone,  which  fupports 
the  fore-finger.  Its  efFcft  is  lo  extend  the  wrift  and 
draw  the  hand  backwards. 

The  extenfor  carpi  radialis  brevior  arifes  from  the 
outer  part  of  the  external  condyle  of  the  humerus,  and, 
from  the  ligament  which  connefts  the  radius  td  it.  It 
is  inferted  into  the  upper  part  of  the  metacarpal  bone  of 
the  middle  finger,  and  extends  the  wrift. 

The  extenfor  carpi  ulnaris  arifes  from  the  external 
condyle  of  theos  humeri,  and  alfo  receives  an  acceflion 
of  fibres  in  its  progrefs  from  the  ulna.  Its  found  ten- 
don is  confined  by  a  membranous  flreath  in  a  groove,' 
which  is  fituated  at  the  extremity  of  the  ulna.  It  is 
inferted  into  the  upper  part  of  the  metacarpal  bone  of 
the  litde  finger,  and  affifts  in  extending  the  wrift. 

The  flexors  and  extenfors  of  the  four  fingers  are. 

The  flexor  fublimis  pcrforatirs,  which  arifes  from  the 
internal  condyle  of  the  os  humeri,  the  inner  edge  of 
the  coronoid  procefs  of  the  ulna,  and  the  upper  and 
anterior  part  of  the  radius.  It  fends  off  four  tendons 
before  it  pafies  under  the  ligament  of  the  wrift,  which 
being  divided  for  the  paffage  of  the  tendons  of  the 
following  mufcle,  are  inferted  into  the  anterior  and  up- 
per part  of  the  fecond  bene  of  each  finger.  It  bends 
the  fecond  joints  of  the  fingers. 

The  flexor  profundus  pcrfjrans,  which  originates 
from  the  upper  part  of  the  ulna,  and  from  a  confiderabtt 
part  of  the  intcrofleous  ligament.  It  divides  into  four 
tendons,  which  pafs  through  the  fiirs  in  the  tenddnt 
of  the  preceding  mufcle,  and  are  inferted  into  theup- 
9  per 
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per  part  of  the  laft  bone  of  the  four  fingers.     Its  ufc 
is  to  bend  the  1^  joint  of  the  fingers. 

The  lumbrkales  arife  from  the  four  tendons  of  the 
preceding  nuifcle^  and  are  inferted  into  the  outer  fides 
of  the  broad  tendons  of  the  interoflei  mufclcs.  They 
increale  the  flexion  of  the  fingers. 

The  cxtenfor  digitorum  communis  arifes  from  the 
outer  Condyle  of  the  os  humeri,  and  is  inferted  into  the 
pofterior  part  of  all  the  fingers  by  a  tendinous  expan* 
fion.     It  extends  all  the  fingers. 

The  mufcles,  which  roll  the  radius  on  the  ulna,  are. 

The  fupinator  radii  fongus,  which  arifes  from  the 
itxtcmai  ridge  of  the  os  humeri  above  the  external 
condyle*  It  is  inferted  into  the  outer  fide  of  the  infe- 
rior extremity  of  the  radius.  Its  efFed  is  to  roll  the 
radiiis  outwards,  and  confequently  to  turn  the  palm  of 
the  hand  upwards. 

The  fupinator  radii  brcvis,  which  arifes  from  the 
external  condyle  of  the  os  humeri,  and  pofterior  fur- 
face  and  outer  edge  of  the  ulna.  It  is  inferted  into 
the  head,  neck,  and  tubercle  of  the  radius.  It  rolls 
the  radius  outwards^  and  turns  the  palm  of  the  hand 
upwards. 

The  pronator  radii  teres,  w!;ich  originates  from  the 
internal  condyle  of  the  os  humeri  and  coronoid  pro- 
cefs  of  the  ulna.  It  is  inferted  Into  the  pofterior  part 
of  the  radius,  about  the  middle  of  that  bone.  Its  cftccft 
is  to  roll  the  radius,  vvirh  the  hand,  inwards,  and  con- 
(equendy  to  turn  the  back  of  the  hand  upv/ards,  or  to 
lay  the  hand  prone. 

The  pronator  radii  quadratus  arifes  from  the  inner 
and  lower  part  of  the  ulna.  Its  fibres,  running  tranf- 
verfely,  are  inferted  into  the  anterior  part  of  the  radius 
oppofite  to  their  origin. 

For  the  motion  of  the  thumb  are  placed  in  the 
fore- arm, 

N2  T\vti 
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The  flexor  longus  poUicis  manus,  which  ori^nates 
from  the  upper  and  fore  part  of  the  radius ;  its  tendon 
pailes  under  the  ligament  of  the  wrift,  and  is  inferred  into 
'  the  laft  joint  of  the  thumb,  which  it  fcrves  to  bend. 

The  extenfbr  oflTis  metacarpi  pollicis  manus,  which 
arifes  from  the  middle  and  pofterior  part  of  the  ulna, 
from  the  middle  and  pofterio^  part  of  the  radius,  and 
from  the  interofleous  ligament.  It  is  inferred  into  the 
OS  trapezium  and  upper  back  part  of  the  metacarpal 
bone  of  the  thumb.  Its  effeft  is  to  extend  the  meta- 
carpal bone  of  the  thumb  outwardly. 

Theextenfor  primi  internodii  ariles  from  the  pofterior 
part  of  the  ulna,  and  from  the  interofleous  ligament. 
It  is  infer  ted  into  the  pofterior  part  of  the  firft  bone 
of  the  thumb,  which  it  extends  obliquely  outwards. 

The  extenfor  fecundi  internodii,  arifes  from  the 
middle  and  back  part  of  the  ulna,  and  from  the  inter** 
ofleous  ligament,  and  is  inferted  into  the  laft  bone'  of 
the  thumb,  which  it  extends  obliquely  backwards. 

To  the  fore-finger  belongs 

The  indicator,  which  begins  from  the  pofterior  part 
of  the  ulna,  about  the  middle  of  that  bone*  Its  ten- 
don, accompanying  that  of  the  extenfor  digitorum 
communis,  which  belongs  to  the  fame  finger,  they  arc  • 
infcrted  together  into  its  upper  part.  Its  efitct  is  to 
extend  the  fore-finger,  whence  its  name  of  indicator^ 
as  that  is  the  finger  with  which  we  ufually  point  at  any 
objeft  of  attention. 

The  miifclcs  feated  in  the  hand  may  be  divided 
into  thofe  of  the  thumb  and  thofe  of  the  fore  and  little 
fingers. 

The  flexor  brevis  pollicis  manus  arifes  from  the  os 
trapezoides,  annular  ligament,  os  magnum,  and  os  un- 
ciforme,  and  is  infcrted  into  the  fccond  joint  of  tho 
thumb,  which  it  fcrves  to  bend. 

The 
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Tfcc  flexor  offis  metacarpi  pollicis.,  or  opponens 
poUicis^  arifes  from  the  os  trapezium  and  ligamentum 
carpi  annulare*  It  is  inferted  into  the  under  and  an- 
terior part  of  the  firft  bone-  of  the  thumb.  Its  effedt 
is  to  bring  the  thumb  inwards,  fo  as  to  place  it  in  oppo* 
(idon  to  the  fingers. 

The  abduftor  pollicis  manus  commences  from  the 
ligamentum  carpi  annulare  and  from  the  os  trapezium,  ' 
and  is  inftrred  into  the  outer  fide  of  the  root  of  the 
firft  bone  of  the  thumb.     Its  ule  is  to  draw  the  thumb 
iiom  the  fingers. 

The  addudlor  pollicis  manus  arifes  from  the  me- 
tacarpal bone  which  fuftains  the  middle  finger,  and  is 
inferted  into  the  inner  part  of  the  root  of  the  firft  bone 
of  the  thumb.  This  mufcle  pulls  the  thumb  towards 
the  fingers. 

The  thumb  has,  therefore,  in  all,  eight  mufcles, 
four  (eated  in  the  fore-arm  and  four  in  the  hand.  Of 
the  whole  eight,  three  are  flexors,  three  extenfors,  one 
is  an  abduftor,  the  other  an  adduftor. 

One  mufcle,  the  indicator,  proper  to  the  fore-finger, 
andfeated  in  the  fore-arm,  has  been  already  defcribed; 
another  mufcle  proper  to  this  finger  is  feated  in  the 
hand  \  it  is  called 

The  abductor  indicis  manus,  and  arifes  from  the 
inner  fide  of  the  firft  bone  of  the  thumb  and  from  the 
OS  trapezium,  and  is  inferted  into  the  tirft  bone  of  the 
fore-finger.  It  ferves  to  bring  the  fore-finger  towards 
the  thumb- 
To  the  little  finger  belong 

The  abduftor  minimi  dlglti,  which  arifes  from 
the  OS  pififonne  and  the  adjacent  part  of  the  annu- 
lar ligament.  It  is  inferted  into  the  fide  of  the  firft 
bone  of  the  little  finger,  which  it  draws  from   the 

reft. 
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g^  Ring  of  the  external  oblique  mufclc  \  with  the  der- 
matic chords  pafling  through  it^  and  covere<^  by 
the  cremafter  mufcle. 

Superior  Extremity. 
If,  Deltoides. 

Above  the  clavicle,  a  pomoi^of  the  trapezius  is  Teen. 
hi  Biceps  flexor  cubiti. 

At  the  bending  of  the  arm  is  feen  its  tendon  going 
towards  the  radius,  and  the  part,  from  which  the 
tendinous  aponeuroQsi  tha(  covers  the  fore-arm» 
is  cut  ofF. ' 
On  the  infide  of  the  biceps^i  part  of  the  triceps  ey- 
tenfor  cubiiti  \  and  on  (hQ  QUtfidiCji  part  of  the 
bracb  talis  internus. 
r.  Supinator  radii  longu^  ] 
J,  Pronator  teres* 
<2  Palnruifis  longus. 
/,  Palmaris  brevis^ 

On  the  palm  of  the  hand,  the  aponeurofis  palmaria 
is  feen  e^^tended  from  the  annular  ligament  at  the 
wrift,  to  the  root?  of  the  metacarpal  bones  of 
the  four  fingers, 
jf.  Flexor  carpi  radialis. 
hy  Part  of  the  flexor  fublimis  perforatus. 
iy  Infertionof  the  flexor  carpi  ulnaris. 

i^,  Abdudtor  poUicis. 

Inferior    I^xtremity^ 

Qy  Tenlbr  vaginse  femoris,  the  vagina  or  tendinoifs^ 
fafcia  being  cut  offl 
On  the  outfide  of    it    a  portion  of  the  glutaeus 
maximus. 
hi  Part  of  the  iliacus  internus. 
On  the  inlide  of  it,  between  h  and  o  P^r?  of  the 
pfoas  magnus, 
<>  Pcftinalis, 

(/,  Triceps 
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dy  Triceps  longus. 
#,  Gracilis, 
yi  Sartorius. 
gy  Rcftus  cruris. 

Its  tendon  is  feen  inferted  into  the  patella,  from 

which  a  ftrong  tendon  is  fent  to  be  fixed  to  die 

tubercle  of  the  tfbiat 
bj  Vaftus  externus, 
I,  Vaftus  ihtemus. 
kt  Tibialis  anticus. 
Ij   Peroneus  longus. 

On  the  outfide  of  it,  a  portion  of  the  folasus. 
tn,  Extenfbr  longus  digitorum  pedis,  with  the  pero-« 

nsus  tertius,  and  extenfbr  proprius  pollicis  pedis. 
7f,  Gaftrocnemius  externus,  or  gemellus* 
#,  Soleus. 

fj  Ligamentum  tarfi  annulare. 
^,  Abdudor  pollicis  pedis. 

The  figure  in  Plate  V.  repreftnts  the  fecond  layer 
of  mufcles  on  the  anterior  part  of  the  whole  body. 

MvscLZS  Jtuaud on  ibeHEAD  and  Neci;. 

a,  Corrugator  fupercilii. 
by  Temporalis. 
Cy  Maflcter, 
dy  Levator  anguli  oris. 
/,  Buccinator. 
f.  Orbicularis  oris. 

Oppofite  to  the  right  ala  nafi,  the  portion  of  this 

mufcle,  which  Albinus  names 
Nafalis  ^bii  fuperioris. 
gy  Pepreflbr  labii  inferioris. 
f^y  Stemo-cleido-maftoideus,  which  is 

Seen  below,  arifing  frooi  the  ftemum  and  clavicle, 
by  two  he^dst 

;,  Sterno- 
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f,  Sterno-hyoideiis. 

On  the  outfidc  of  it,  the       ' 
Omo-hyoideus. 

Further  out,  ^  portion  of  the 
Hyo-thyroideus, 
■  i.  Levator  fcapute. 

Trunk. 

a^  Subclavius, 

h^  Peftoralis  minor. 

r,  Serratus  itiagnus. 

dy  ReAus  abdominis,  divided  into  feveral  delhy  por< 

tions  by  its  tendinous  interfe6tions. 
fp,  Pyramidalis. 

/,  Obliquus-afoendensinternus, 
gy  Spermatid  chord,  with  the  origin  of  the  cremailer 
mufcle. 

Superior    Ext.remity. 

1  -  .  "  - 

Cy  Biceps  flexor  cpbiii. 

hy  Short  head  of  the  biceps. 

Beneath  the  upper  part  of  it,  a  portion  of  the  cora- 

cobrachialis. 
Beneath  the  under  part,  a  portion  of  the  brachialis 
internus, 
f.  Long  head  of  the  biceps. 

At  the  bending  of  the  arm,  the  tendon  of  the  biceps, 
and  the  place  where  the  tendinous  aponewQ&s 
was  cut  froflcn  it,  are  fcen.    . 
dy  Extenfor  carpi  radialis  longior* 
Beneath  it  a  portion  of  the 
Extenfor  carpi  radialis  Jbrevior. 
ty  Flexor  fublimis  perforatus. 
fy  Infertion  of  the  -extenfor  carpi  ulnars, 
gy  Extenfors  of  the  thumb, 

h.  Op. 


U./^Aft--'. 
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bt  Opponens  poUicis. 

On  the  infide  of  it,  a  portion  of  the 
Flexor  poUicis  brevis. 
/,  Tendon  of  the  flexor  longus  pollicis  manus^  after 

'  pafiing  through  the  flexor  brevis  poUicis  manus, 
k^  Abdudor  minimi  digiti  manus. 
ly  Flexor  parvus  minimi  digiti  manus, 
iw,  Ligamentum  carpi  annulare. 

Inferior    Extremity. 

a^  Uiacus  internus. 

Between  a  and  b^  part  of*  the  pfoas  magnus. 
hi  Peftinalis. 
d  Triceps  longus. 

di  Gracilis.  ^  x 

€i  Rcftus  cruris  cut  oflT  near  its  origin. 
fi  Tendon  of  the  reftus  cruris  cut  off  above  the  patella, 

from  which  a  flrong  tendon  is  fent  to  be  infened 

into  a  tubercle  of  the  tibia. 
gy  Portion  of  the  gluteus  medius. 

On  the  infide  of  it,  part  of  the  gluteus  minimus. 
i&,  Vaftus  internus. 
/,  Vaflius  externus* 
ky  Cruracus. 

/,  Infertion  of  the  biceps  fiexor  cruris  into  the  fibula. 
nii  Tendons  of  the  gracilis  and  femitendinofus  inferted 

into  the  tibia. 
»,  Solcus. 

Oy  PeronsEus  longus. 
^,  Extenfor  longus  digitorum,*  with  the  pcronaeus  ter- 

tius  on  the  outfide,  and  extenfor  pollicis  proprius 

on  the  infide. 
y,  Soleus. 
r,  Flexor  longus  digitorum, 

J^  Tendons 
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/,  Extenfor  "Carpi  radialis  longior>  and  with  it  the  cx-» 
tenfor  carpi  radialis  brevior. 
Both  thefe  are  diftinftly  fecn  in  the  right  hand. 
Between  the  tendon  of  the  brachialis  intcrnus  and 

extenfor  radialis,  the  .      f  * 

Supinator  radii  brevis  is  (een. 
gy  Flexor  longus  pollicis  inanus,  with  the  fiefhy  por- 
tion of  it  which  arifes  fronti  the  internal  condyle 
of  the  OS  humeri. 
b,  Flexor  profundus  pcrforans,  which  fplits  into  fogr 
tendons,  whirch  pafs  under  the  ligamcntum  carpi 
annulare.  ^ 

f.  Pronator  quadratus* 
ky  Addudlor  minimi  digiti  manus, 
/j  Coe  of  the  lumbricales. 

The  other  three  appear  in  the  fame  manner,  along  - 

the  tendons  of  the  flexor  profundus* 
Behind  thefe,  the  internal  inceroflei  are  feen. 

Inferior    Extremity. 

tf,  Glutaeus  miiiimus. 
^,  Iliacus  intcrnus. 

On  the  infide  of  it,  between  b  and  r,  the  pfoas  mag* 

nus. 
r,  Obturator  externus. 
dy  Adduiftor  brevis  femoris. 
^,  Adduftqr  magnuji  femoris. 
/,  Gracilis ;  which  is 

Seen  inferted  into  the  infide  of  the  head  of  the 

tibia. 
gy  The  Ihort  head  of  the  biceps  flexor  cruris. 
hy  Pcroneus  longus. 
/,  Peroneus  brevis. 

Between  thefe  two  peronci  and  ti\)\ty  the  tibialis 

pofticus  is  feen. 

/',  Tendort 


^ 


w 
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kf  Tcfidon  of  the  tibialis  pofticus,  covering  the  tendon, 
of  the  fkxor  longiis  digitonim  pedis. 

/,  Excenfor  brcvis  digitorum  pedis. 

The  figure  ih  Plate  VII.  reprefents  a  back  view  of 
the  mufcles,  which  are  imniediately  ficuated  below 
the  common  integuments. 

Head  and  Neck. 

a.  Part  of  the  occipito- frontalis  mufcle,  with  its  apo- 

ncurofis. 

b,  Attollens  aurem. 
r.  Anterior  auris. 

dj  Retrahentes  auris. 

Trunk. 

aj  Trapezius,  or  cucularis. 

b.  Its  tendinous  edge  joining  with  its  felldW  in  the  nape 

of  the  neck,  which  is  called  ligament um  nucb^  or 

colli. 
€y  The  flelhy  belly  of  the  latiffimus  dorfi. 

d.  The  tendon  of  the  latiffimus  dorfi,  which  arifcs  in 

common  with  the  fcrratus  pofticus  inferior. 

e.  Part  of  the  obliquus  externus  abdominis. 

SuperiorExtremitv. 

*,  Deltoidcs. 

by  Infrafpinatus,  with  a  portion  of  tlie  teres  minor  and 

Inajor  below  it. 
Cj  Triceps  extcnfor  cubiti. 

Its  tendon  is  ktn  inferted  into  the  head  of  the  ulna, 

called  olecranon  y   and,  on  the  infide   of  it,  the 

anconeus. 

d,  Extenfor  carpi  radialls  longior,  covered  by  a  portioft 

of  the  fupinator  radii  longus ;  and,  under  if,  a 
portion  of  the  extenfor  carpi  radialis  brevior."  ^ 

e,  Extenfor  digitorum  comnujnis  nunus,  which  fpliti 

into  four  tendons,  and  pafs  with  the  indicator. 


lyi  Ep^knuUioH  of  th^  [RocktX.^ 

under  the  ligsmcntum  carpi  annulare  externum^ 
at  the  extremities  of  the  metacarpal  bone,  oinder 
ligaments  proper  to  themfclves  j  and  are  loft  in  a 
broad  tendon^  which  covers  the  back  of  the  four 
fingers. 

f^  Extenfor  ofGs  metacarpi  pollicis  manus. 

g^  Extenfor  primi  internodii  pollicis  manus. 

by  Extenfor  fccundi  intei*nodii  pollicis  manus* 

f,  Extenfor  carpi  ulnaris. 

ky  Part  of  the  flexor  carpi  lilnaris. 

Under  it,  part  of  the  ,  ' 

Flexor  profundus.  perfohittiSi 

And  on  the  infide,  part  of  the 
Flexor  fublimis  perforatus,  which  is  more  cfi(^ 
tinftly  feen  on  the  right  fore- arm.  Likcwifc,  oiv 
the  right  hand,  are  feen  part  of  the  abduAor 
pollicis  manus,  abduAor  minimi  digici  niantiSf 
andthe  aponcuro{ispalmaris« 

Inferior    ExtRE!\4itT«-     - 

tf.  Gluteus  maximus. 
by  Part  of  the  gluteus  mcdiiis* 
r.  Part  of  the  tenfor  vaginse  fcmoris.  • . 
dy  Vaftus  externus. 
^Cy  The  long  head  of  the  biceps  flexor  cruris  s 

And  beneath  it, 
fy  Part  of  the  fliort  head*  j 

gy  Semifendinolus : 

And  beneath  it,  on  each  fide, 
A  portion  of  the  fcmimembranofus  in  fceiu 
b.  Gracilis. 

On  the  outfide  of  it, 
A  portion  of  the  abduftor  magnus  is  feert* 
/,  Afmall  pircof  the  vaftus  intcrnus. 
k,  Gaftrocnemius  externus,  or  gemellus  3 

And 
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And  within  its  outer  head, 
A  portioh  of  the  plancaris. 
If  Solseus  orgaftrocnemius  internus. 
iw,  Tendo  Achillis,  with  the  plantaris. 
r,  Peroneus  longus. 

e.  Peroneus  brevis ;  between  it  and  the  tendo  Achillis^ 

a  portion  of  the  flexor  longus  digltorum  pedis. 

•P,  Tendons  of  the  extenfor  longus  digitorum  pedis, 
with  the  peroneus  tertius,  pafllng  under  the  li- 
gamentum  tarii  annulare  s  and  the  flexor  brevis 
digitorum  pedis  is  feen  beneath  them. 

f  ,  Abductor  minimi  di^ti  pedis  ;  and  above  it  the  ten- 
dons of  the  peroneus  longus  and  brevis,  pafllng 
under  their  own  proper  ligaments. 

The  figure  in  Plate  VIII.  reprefents  the  fccond  layer 
of  the  mufcles  dn  the  back-part  of  the  body. 

■ 

Head  and  Neck. 

^,  Temporalis  5   its  tendon  is  feen  pafling  below  the 

zygoma; 
if,  Maffirter. 

c,  Splenius  capitis  et  colli. 

d.  Portion  of  the  complexus. 

e^  Levator  fcapulse,  or  the  mufculus  patientia?. 

Trunk, 

s,  Rhomboides  major. 
^,  Rhomboides  minor : 

And  immediately  above  it,  the  upper  edge  of  the 
ierratus  pofticus  fuperior  is  feen. 

f.  The  fcrratus  pofticus  fuperior  on  the  right  fide. 
Jy  Serratus  pofticus  inferior. 

r.  Part  of  the  fpinalis  dorfi, 
/,  Part  of  the  loagiftimus  dorfi. 

g.  Part  of  the  facro  lumbalis. 

Vol.  III.  O  h,  Serratus 


by  Serratus  magnus. 

iy  The  broad  tendoa>  by  which  the  latiffimus  dorii  be* 

gins,  and  from  which  the  tendon  of  the  ferratus 

pofticus  inferior  is  infeparable. 
ky  Part  of  the  obliquus  internus  afcendens  abdominis. 
/,  The  fphinfter  ani,  fixed  to  the  point  of  the  os  coc^ 

cygis  J  at  the  fide  of  which  the  coccygasus,  and  a 

portion  of  the  levator  ani,  a^  feen>  &c. 

SuPSltlOR   EXTRSUITY. 

(ty  Supra-fpinatusi 

^^  Infra-fpinatus, 

Cy  Teres  minor. 

dy  Teres  major. 

e.  Triceps  extensor  tubiti* 

fy  Its  head  called  longus. 

gy  The  brevis:  And, 

by  A  fm  all  portion  of  the  third  head,  named  hracbiaSs 

externus. 
iy  The  tendon  of  the  triceps,  infertcd  into  the  olecra* 

non. 
k,  Part  of  the  brachialis  internus. 
/,  Anconaeus,  which  feems  to  be  continued  from  that 

part  of  the  brachialis  extcrnus  immediately  above 

it. 
w,  Extenfor  carpi  radialis  longior ;  and  beneath  it,  the 

brevior :   both  are  fcen  at  the  wrift,  infertcd  into 

the  metacarpal  bones  of  the  fore  and  middle 

fingers. 
;/,  Flexor  carpi  ulnaris. 
Cy  Part  of  the  fupinator  radii  brcvis. 
py  Extenfor  oflis  metacarpi  pollicis  maniTS. 
qy  Extenfor  primi  internodii  pollicis  manus. 
Vy  Extenfor  fccundi  internodii  pollicis  manus. 

/,  Indi- 
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.j;  Indicator^  inferted  into  the  root  of  the  firft  joint  of 

the  •fore -fingen 
it.  One  of  the  three  i^xterHal  intei-oiOei  manUs.     The 

other  two  ire  diftindtly  fccn  without  letters^ 
ir>  One  of  the  tendons  of  the  extenfors  of  the  lingers 

cut ;  and  the  fame  is  feeh  in  each  of  this  other  three 

fingen^  joining  with  the  tendons  and  aponeurofes 

of  the  interoflei  and  lumbricalesj  and  fpread  upon 

die  back  of  the  fingers* 
N.  B.    Oh  the  ri^t  hand>  part  of  this  flexo!^  of  the 

fingcrsy  the  abduAor  pollicis  and  minimi  digiti^ ' 

arc  feem 

InFEXIOA     £xT]t£MtTY. 

a,  Gluts^us  itiedius« 
^,  Pyriformis. 

r^  The  two  mufcles  called  gemini,  betweeii  which  the 
tendon  and  de(hy  belly  of  the  obturator  internus 
palles  over  the  tuberofity  of  the  os  ifchiiim,  arc 
feen  within  the  pelvis,  partly  covered  by  the  coc- 
cygaeus  and  levator  ani. 
</,  Quadratus  femoris. 
^i  Vaftus  extemus. 
/» /,  Parts  of  the  triceps  magnus. 
&  Long  head  of  the  triceps  flexor  cruris,  and  beneadi 

it  part  of  the  (hort  head  is  feen. 
^i  Scmitendinofus,  and  beneath  it  parts  of  the  femi'- 

membranofus  are  feen  on  each  fide  of  ic 
'*  Gracilis^ 

*'  A  fmall  portion  of  the  vaftus  internus. 
•*  Poplitfleus. 

^i  The  flelhy  belly  of  the  plantaris ;  and  its  long  flcn- 
der  tendon  is  feen  pafling  over  the  infide  of  the 
folsetiSi 

O  ^  fiy  Solseus. 


ig6  Explanation  of  the  [Book  IX* 

fly  SolseUs. 

Oy  The  place  where  the  tendon  of  the  genndlus  was 

cut  off  5  but  the  flefh  of  the  folseus  runs  fiu^er 

down. 
fy  Tendo  Achillis,  with  the  plantaris. 
y,  Peroneus  longus,  pafling  at  the  outer  ancle  to  the 

fole  of  the  foot ;  beneath  it,  the  peroneus  brevis 

to  the  root  of  the  metatarfal  bone  of  the  little  toe ; 

and,  between  it  and  the  tendo  Achillis,  a  portion 

of  the  flexor  longus  digitorum  pedis, 
r,  Tendons  of  the  cxtenfor  longu^  digitorum  pedis, 

with  the  peroneus  tertius ;  and  beneath  thefe,  the 

extenfor  brevis  digitorum  pedis. 
/,  Flexor  brevis  minimi  digiti  pedis. 

The  figure  in  Plate  IX.  reprefents  the  third  layer 
of  mufcles  on  the  pofterior  part  of  the  body,  with  fome 
of  the  ligaments  and  naked  bones. 

Muscles  on  the  Head  and   Neck. 

a^  Part  of  the  buccinator. 

by  Complexus. 

Cy  Trachclo-maftoideus ;    on  the   outfide   of  it,  the 

tranfverfalis  colli. 
dy  Scalenus  medium. 
Cy  Scalenus  pofticus. 

Trunk. 

{ly  Spinalis  dorfi  i  and  beneath  it,  the  multifidus 
Ipinae. 

by  Longiflinjus  dorfi,  which  fends  oft''  a  flefliy  flip  to 
the  trachelo-maftoidaeus. 

Cy  Sacro  kimbalis,  with  the  cervicalis  defcendcns  fent 
cfF  from  it  along  the  fide  of  the  neck,  and  out- 
fide of  the  tranfverfalis  colli. 

'     dy  Semi* 
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dj  Semifpinalis  dorfi. 

€j  Tranfver&lis  abdominis. 

N.  B.  The  fpaces  between  the  fpinous  procefles  of 
the  vertcbrsB  havemufcular  fefciculi  b  jLween  themi 
particularly  thofe  of  the  neck  ;  and  are  named 
interjpinaks  colli ^  dorfiy  and  lumbcrum  5  bu  t  thofe 
of  the  back  feem  to  be  tendinous  and  liga- 
mentous.' 

Superior    Extremity. 

m^  Teres,  major. 

^,  Part  of  the  coraco-brachialis. 
'  €9  Part  of  the  brachialis  internus. 

df  The  third  head  of  the  triceps  extcnfor  cubiti,  called 
Irracbialis  extemus,^  after  the  longus  and  brevis 
have  been  cut  off. 

€y  Extenfbr  radialis  longior. 

fj  Extenfor  radialis  brpvior. 

g^  Part  of  the  flexor  profundus  perforans. 

hi  Supinator  radii  brevis, 

7,  Part  of  the  adduftor  pollicis  manus. 

kj  One  of  the  three  external  interoflei  j  the  other  two 
may  be  eafily  diftinguilhed  without  letters. 

/,  Tendons  of  the  cxtenfors  of  the  fingers,  joining 
with  thofe  of  the  lumbricales  and  interoflei,  which 
form  a  tendinous  expanfion  on  the  back  of  the 
four  fingers. 
N.  B.  On  the  right  h^d,  part  of  the  flexors  of 
the  fingers  and  thumb,  part  of  the  adduftor  pol- 
licis, and  the  whole  of  the  addudor  minimi 
dJgiti,  are  feen. 


O  3  I  N  F  B- 
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Infbrior   Es^treiiitv. 

ajt  Glutseus  minimus, 

i.  Obturator  internus  i  its  'Qeihy  belly  is  feen  withii^ 

the  pelvis. 
Beneath  ^,  the  tendon  of  the  ohtui^ator  extcrnus. 
c,  Semimembranofus,  / 

dy  The  (hprt  head  of  the  biceps  flexor  cniris* 
e.  Triceps  nciagnu^. 
/,  Gracilis. 

In  the  ham,  the  origins  of  the  two  heads  of  the 

gaftrocnemius  externus  and  plantaris,  are  feen. 
gy  Poplitaeus. 
by  Tibialis  pofticys. 
iy  Flexor  longus  digitorum  pedis* 
iy  Flexor  pollicis  longus. 
ly  Peroneus  longus,  running  down  to  bp  inferted  3QtQ 

the  metatarfal  bone  of  the  little  toe. 
Beneath  it,  the  peroneus  brevis,  pafling  to  the  foia 

of  the  foot. 
piy  Extenfor  brevis  digitorum  pedis. 

n,  Part  pf  the  flexor  Ipngus  digitorym  pedis. 


B.y-jy'. 
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Chap.  XV. 

THE  CELLULAR  SUBSTANCE,  FAT.  AND  INTEGU- 
MENTS OF  THE  BODY. 

Qtner^l  Defiriptiou   of  the  Cellular  SuhftoMce ;  ///  Ufes. — The  Fat ; 

its  U/es.'^Tbe  Skin.^^Tbe  Otgam   of  Touch, — The  Epidermis^^-^ 

Caufe  of  the  black   Colour  of  the  Africans.^^Corns^'-'FoHtane^s 

wucrojcopic  Objervatiam  om  the  E^demuii'^^iuauiiy  of  Perfpiraii$m 

from  the  Human  Bodif^ 

IN  the  preceding  chapters  the  mufcles  of  the  human 
body  have  been  treated  of  as  fb  manydiftindt  and 
leparate  mafle^  of  flefh.  It  is  neceflary,  however,  to 
remark,  that  when  the  anatomift  comes  to  trace  them 
in  the  fubjc^t^  he  finds  the  cafe  far  Qtherwife,  as  moft 
neighbouring  mufcles  are  mixed  and  confufed  together 
by  an  intercezcure  of  fibres^  as  well  as  by  being  in* 
volved  in  cellular  fubftance. 

The  cellular  fubftance  is  a  loofe  fibrous  web,  and 
when  filled  with  air  plainly  exhibits  its  real  ftrudure, 
viz.  that  of  cells  communicating  with  each  other. 

This  fubfiance  forms  a  great  part  of  the  body,  as  it 
is  interpofed  between  all  the  mufcles,  all  the  fafciculi  of 
mufcular  fibres,  and  it  fliould  fcem  alfo,  that  it  in- 
volves the  ultimate  fibres,  of  which  thefe  fafciculi 
are  compofcd. 

All  the  blood-veflels  alfo,  and  nerves,  are  in  their 
courfe  attached  to  the  neighbouring  parts  by  means 
of  this  fubftance.  Many  of  the  glands  too,  which  arc 
compofed  of  fmaller  mafles,  'are  united  into  one  body 
by  its  intervention.  It  feems  probable,  indeed,  that 
the  membranes  which  inveft  the  contents  of  the  ab- 
domen and  thorax^  and  other  membranes  in  other 

O  4  p^rcs 
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parts  of  the  body,  are  compofed  of  the  cellular  fuh-i 
ftance  in  a  more  confolidated  ftate ;  and  it  is  therefore 
very  properly  coiifidered  as  an  univerfal  connedfcing 
medium  in  every  part  of  the  body. 

The  ufes  of  this  fubftance  arc  fo  important,  that^  in 
z\\  probability,  animals  could  not  exift  without  it. 
By  uniting  the  fibres  of  the  mufcles  into  compadfc 
mafles,  it  fccures  them  from  becoming  entangled  with 
each  other,  and  with  the  minute  blood-veffels,  lym- 
phatics and  nerves,  which  are  every  where  diftributed 
among  them.  At  the  fame  time,  however,  that  it 
connefts  together  the  mufcles,  and  preferves  them  ia 
their  relative  fituations,  it  is  fufficiently  loofe  to  giVe 
full  play  to  all  their  motions.  It  ferves  alfo,  the  pur- 
pofe  of  a  foft  and  compreffible  culhion,  interpofc4 
among  the  mufcles,  and,  being  always  moid  and  flip- 
pery,  renders  their  n^otions  eafy,  and  prevents- 
friftion. 

The  cellular  fubftance  alfo  affords  a  lodgment  to  the 
fat,  and,  together  with  it,  fills  up  the  intcrftices  be- 
tween mufcles,  and  adds  to  the  beauty,  evenncfs^ 
fmooihnefs,  and  foftnefs  of  the  furface  of  the  body. 

The  Abbe  Fontana,  on  examining?  the  fat  of  dif- 
ferent  animals,  found  it  fluid  and  of  an  oily  nature.  It 
was  contained  in  very  minute  veficles  heaped  together, 
and  thefe  veficles  were  covered  w^ith  a  thin  tilTuc  of 
twifting  fibres.  On  prefling  them,  he  plainly  per- 
ceived the  fat  ooze  out  on  all  fides,  but  on  the  moft 
careful  examination  was  unable  to  difcoyer  any  dudts 
going  to  or  from  them. 

The  ufes  of  the  fat,  as  has  been  already  intimated, 
are  in  fome  refpcv'ils  fimilar  to  thofe  of  the  cellular 
fubftance,  in  wiiich  it  is  fcated.  It  involves  many 
of  the  vifcera,  particularly  thofe  of  the  abdomen,  and 
here  it  increafes,  in  people  difpofed  to  obefity,  to  a 

great 
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great  degree.  Within  the  cranium,  where  by  its 
prcffure  it  might  injure  the  brain,  none  of  this  fub- 
Jftance  is  found. 

The  cellular  fubftance,  befides  fcrving  the  purpofcs 
already  mentioned,  by  being  placed  between  rhe  ikin 
and  the  mulcks,  is  always  confidercd  as  one  of  the 
integuments  of  the  body.  The  other  integuments  arc 
the  {kin,  properly  fo  called,  and  the  epidermis  or  fcarf 
(kin. 

The  (kin  is  probably  nothing  more  than  a  con- 
denfed  cellular  fubftance,  copioufly  furnifhcd  with 
blood- veflels,  lymphatics,  and  nerves,  as  it  within 
gradually  becomes  lefs  denfe,  and  is  af  length  inlcn- 
fibly  loft  in  the  loofc  cellular  fubftance.  It  covers 
the  whole  iurfacc  of  the  body,  is  tough,  elaftic,  and 
forms,  by  means'  of  the  nerves,  which  terminate  in 
it,  particularly  at  the  extremities  of  the  fingers,  where 
it  is  moft  fenfible,  the  organ  of  touch. 

The  cutis,  when  freed  from  the  epidermis,  which  is 
its  external  covering,  is  found  to  be  furniftied  with  in- 
numerable papillae,  which  appear  like  minute  granu- 
lations; their  ufe  is  probably  to  increafe  the  fenfibi- 
lity  of  the  (kin,  as  where  it  is  moft  fenfible  they  arc 
moft  remarkable. 

The  (kin  or  cuti*?,  however,  not  only  covers  the 
outer  paits  of  the  body,  bur  becoming  thinner  and 
more  delicate  enters  and  inverts  internally  the  various 
cavities  which  open  on  the  furface.  It  is  every  where 
pierced  with  blood- veffels,  and  in  fbme  parts  with  the 
dudts  of  fmall  glands,  which  are  I'eated  between  die 
(kin  and  the  cellular  fubftance,  and  which  pour  out 
an  oily  febacious  matter  for  the  lubrication  of  the  fur- 
face  of  the  body. 

The  epidermis  or  fcarf  (kin  every  where  covers  die 
true  (kin,  which  would  othcrvyifc,  from  its  extreme 

len(ibility. 
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fenfibility^  occafion  much  uneafiners  from  the  fi-idion 
CO  which  the  furface  of  the  body  is  Qcce(&rily  ex- 
poled.  The  epidermis  confifts  of  a  mucous  lub« 
llance,  which  is  fituated  next  the  true  (kin,  and  a  diy^ 
tranlparent^  and  in  Ibme  meafure  horny  fubftance^ 
which  is  external. 

The  mucous  fubftance,  called  corpus  mucofiim, 
or  rere  Malpighianum,  is  of  a  confidence  between 
that  of  a  folid  and  a  fluidj  and  is  often  treated  of  by 
anatomifts  as  a  diftinct  covering  cf  the  body«  The 
colour  of  it  varies  according  to  the  complexion.  la 
fair  people  it  is  white,  in  brown  people  of  a  dufky  hue» 
^d  in  the  Africans  black.  In  the  latter  it  is  alfi> 
more  folid,  and  can  be  feparated  from  the  external 
part  of  the  epidermis,  which  cannot  be  efic6led  in 
Europeans.  By  fridtion,  the  epidermis  gains  v^ry 
much  in  thick  nefs,  as  may  be  obferved  in  the  hands 
of  labouring  people,  and  in  the  (bles  of  the  feet  of 
thofe  much  accuftomcd  to  walkings  Coriis^  which 
are  nothing  but  hardened  epidermis,  are  the  confer 
quence  of  the  preffure  and  friction  of  tight  fiioes  •• 

The  epidermis  is  not  furniflicci  either  with  ncrvesL 
or  blood-veflds,  and  is  therefore  infcnfible^  The 
Abbe  Fontana  lubmitted  fome  very  minute  poFtions 
of  the  epidermis,  taken  from  his  band,  to  examina- 
tion by  a  microfcope  which  magnified  feven  hundred 
diameters.  The  epidermis  appeared  to  be  compofcd 
of  winding  cylinders,  which  approached  each  other,, 
and  retreated  with  much  rcgularit)'  and  order ;  (mall 
globules  alfo  were  in  parts  perceptible,.    When  the 

•  The  cure  of  ibcfe  difagreeable  cxcrcfcenccs  is  very  obTioos 
from  this  account;  nothing  is  indeed  rcquiFed  for  this  parpofea. 
but  to  cover  them  with  any  foft  adhelive  fub(lance>  which  will 
prote^  them  from  fridion,  when  ^he^  will  naturally  decay,  and  in 
time  come  oiF  ipontaneouily^ 

portioi^ 
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pofDon  of  cpidcrmb  was  covered  widi  water,  it  ap- 
peared more  tranfparent,  and  the  cylinders  and  glo- 
bules were  feen  more  diftinftly.  He  could  obfervc 
nothbgy  however,  like  perforations  or  holes  in  the 
^idermis,  and  therefore  doubts  of  their  exiftence.  It 
Icems  probable,  the  Abbe  Fontana  adds,  that  the 
lymphatics,  which  le  Perc  dcUa  Torre  pretends  to  have 
icen  in  the  epidermis^  were  nothing  but  thcfe  winding 
cylinders. 

Wc  muft  believe,  however,  from  the  quantity  of 
lenfible  and  infenfible  perfpiradon,  efpecially  in  warm 
climates,  where,  according  to  Sanftorius,  who  made 
his  experiments  m  Italy,  it  amounts  to  five-eighths  of 
the  food  taken  in,  that  there  are  perforations  in  the 
epidermis  for  the  pailage  of  exhalent  arteries.  It  may 
be  alfq  added,  that  the  appearances  exhibited  by  ob- 
JcAs  fubmitced  to  microfcopes  of  high  powers  are 
never  much  to  be  depended  on,  and  have  given  rife 
to  numerous  deoeptions. 

Immediately  below  the  fkin  of  quadrupeds,  ex- 
cept thofc  of  the  porcine  (fwine)  fpecies,  lies  a  thin 
flefhy  expanfion,  called  panniculus  carnofus,  cover- 
ing the  greater  part  of  the  body,  and  furrounding  the 
pther  mufcles.  In  man  there  is  nothing  fimilar  to  thisj^ 
excepting  the  platifma  myoidcs,  or  the  occipito- 
fix>ntalis  mufcle.  The  ufe  of  this  thin  mufcular  ex- 
panfion is  to  wrinkle  and  move  the  fkin  in  order  to 
jfhakc  off  dull,  iqfedts,  &c. 
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C  H  AP.     XVI. 

THE    HAIR    AND   THE   NAILS. 

Opinions  of  Anatomifis  'wifh  rtj^^  to  the  Nature  of  the  Hair^  Nails^ 
ISc'^Hair  originates  from  the  Cellular  Subjiatice,^^Fontana*s  06* 
fcrvations  on  Hair,"^Tbe  Nails. "^The  Horns ^  Hoofs ,  and  CUfWf  of 
Animals, 

MANY  anatomifts  chufe  to  call  the  hair,  the 
nails>  and  the  horns  of  animals^  produdtions  of 
the  epidermis ;  by  Malpighi  and  Ru(h  the  hairs  were 
fuppofed  to  be  continuations  from  the  nerves ;  neither 
of  which  opinions,  however,  feems  to  be^  fufficiently 
proved,  though  the  former  appears  by  far  the  more 
probable.  The  hairs  are  diftributed  more  or  lefs  re- 
markably over  the  whole  body,  except  on  the  palms 
of  the  hands  and  foles  of  the  feet.  They  rife  each 
of  them  from  a  feparate  oval  bulb  placed  beneath 
the  true  fkin,  and  loc^gcd  in  the  cellular  fqbftance,  and 
they  are  furroundcd  by  a  (heath,  which  rifcs  with  them 
as  far  as  the  furface  of  the  body. 

The  Abbe  Fontana  took  a  hair,  which  he  cleanfed 
by  repeatedly  drawing  it  through  a  piece  of  fine  linen 
dipt  in  water ;  he  examined  it  with  lenfes  of  diffe- 
rent powers,  from  foine  which  magnified  400,  ta 
others  which  magnified  700  diameters,  ^nd  the  ap-i 
pearances,  he  informs  us,  were  uniformly  the  fame. 
The  hair  in  general  appeared  of  the  colgur  of  tranf-^ 
parent  ambers  towards  the  center,  however,  of  ir^ 
there  was  an  obfcure  line,  which  was  broken  at  one 
part.  It  appeared  woven,  and  formed  by,  or  covered 
with,  twilling  cylinders,  interrupted  at  places,  and 
winding  like  the  inteftines  of  animals.    Among  the 

winding 
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winding  cylinders  rfiere  appeared  minute  globules  of 
die  fame  diameter  with  the  cylinders.  Having  crulhcd 
the  hair  at  one  of  its  extremities,  it  appeared  as  if 
formed  of  many  irregular  poliflied  trunks,  which  were 
compoled  of  bundles  of  very  fmall  winding  cylin- 
ders, with  fome  globules  fcattered  on  the  cylinders 
themfelves. 

The  naik  are  horny  infcnfible  bodies,  formed  of  thin 
lamellse  or  plates.  They  rife  by  a  fquare  origin  from 
the  lad  joints  of  the  fingers  and  toes,  and  are  hard 
where  tbey  are  expofed  to  the  air,  but  foft  near  their 
roots.  The  ftrudure  of  the  horns,  hoofs,  and  claws 
of  animals  is  very  fimilar  to  that  of  our  nails.  A  mi- 
nute portion  of  a  finger  nail  being  fubmitted  to  the 
inicroicope,  exhibited  the  fame  appearance  as  the  epi- 
dermis. Both  the  nails  and  hair  grow  entirely  from  be- 
Jowj  by  a  regular  propulHon  from  their  rooCs« 
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tilt   CAX'^ITY   of  the   ABDOifEN. 

C&Mfetfts  of  the  MdomeM.'-^Parts  invchueJ  ly  the  Perit^mumj^^Parti 
mot  in'vol^ed  hy  it, — The  Peritoneum. '^Tbe  Me/enterj.''^Tbe  Oaun^ 
ium.'^Diffire/tt  in  Man  and  ^adrupeds. 

TH I S  cavity  is  bounded  above  by  the  diaphfagm/ 
below  by  the  bones  of  the  pelvisi  at  the  fides 
by  various  mufclcs  and  the  fallc  ribs,  -before  by  the 
mufcles  of  the  abdomen,  and  behind  by  the  vertebras 
of  the  loins  and  the  os  facruni;  Stridly  /peaking, 
howcvefj  no  p^rt  is  faid  to  be  within  the  cavity  of  the 
abdomen,  which  is  not  involved  in  a  thin  tranfparent 
membrane,  called  the  peritoneum,  of  which  a  more 
particular  defcription  will  prefently  be  fubmitted  ttf 
the  reader* 

The  parts  which  are  involved  in  the  peritoneiimir 
are,  die  mefentery,  the  omentum  or  caul,  the  ftomach^ 
the  fmall  and  great  inteftines,  the  laftcal  vcffels,  the 
pancreas,  the  fpleen,  and  the  liver. 

The  organs  which  are  not  involved  in  the  perito- 
neum, but  are  placed  behind  it,  are  the  lydneys,  the 
ureters,  the  receptacle  of  the  chyle,  the  aorta,  and  the 
vena  cava. 

The  upper  part  of  the  bladder  is  involved  in  the  pe- 
ritoneum, the  lower  is  placed  without  it. 

The  peritoneum  is  to  be  confidered  as  a  membrane 
forming  an  internal  covering  to  the  parts  which  arc 
the  boundaries  of  the  abdomen,  and  at  the  fame  time 
doubled  back  on  itfelf  in  fuch  a  manner  as  to  form  the 
external  covering  of  the  abdominal  vifcera. 

The  internal  iurface  of  the  peritoneum  is  fmooth^ 

its 
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its  external  is  rough,  and  united  to  the  neighbouring 
mufcles  and  veflels  by  the  intervention  of  cellular  fub- 
ilance.  The  cellular  texture  attached  to  the  perito- 
ncum,  and  in  (bme  parts  included  within  its  duplica- 
tures,  is  generally' replete  with  fat.  The  peritoneum 
is  a  denfe  but  thin  and  tranfparent  membrane,  the  ufes 
of  which  are  to  retain  the  vifcera  of  the  abdomen  in 
their  places,  and  by  the  fmooth  and  moift  covering 
which  it  affords  them,  to  prevent  adhefions  of  one  vif- 
cus  to  another ;  for  which  it  is  excellently  adapted  bjr 
being  continually  moiftened  by  a  ferous  fluid,  which 
proceeds  from  very  minute  pores.  The  exiflience  of 
thcfe  is  proved  by  fpreading  a  portion  of  the  perito- 
neum on  the  end  of  the  finger,  and  then  pulling  it  very 
eight  on  all  (ides ;  by  thefe  means  the  pores  are  dilated, 
and  {rnall  drops  may  be  obferved  to  proceed  from 
tjbem. 

The  mefentery  is  a  produdion  of  the  peritoneum, 
and  is  formed  by  two  lamina  of  this  membrane  in- 
cluding cellular  fubftance.  It  rifes  by  a  narrow  origin 
from  the  firft,  fecond,  and  third  vertebrae  of  the  loins  ; 
it  advances  forwards,  and  gradually  becomes  broader 
in  its  progrefs.  The  mefentery  at  length  embraces  the 
inteftines  with  its  laminas,  and  thus  affords  them  the 
coat  which  they  derive  from  the  peritoneum.  That 
ipartof  the  mefentery  which  involves  the  Imdl  inteftines 
is  more  properly  called  the  mefentery ;  that  which  in- 
volves the  large  is  diftinguilhed  by  the  term  mefoco- 
lon.  The  mefentery  includes  between  its  laminae  all 
the  blood -vcflTels  and  nerves  which  belong  to  the  in- 
teftines, and  alio  the  numerous  lafteal  veflTcls  which 
cake  up  the  chyle  from  the  inteftines,  and  the  glands 
wi:h  which  thefe  vefTcls  arc  connefted. 

The  omentum  or  caul  is  alfo  formed  by  a  dublica- 

tiirc  of  the  peritoneum,  including  thin  cellular  fubftance, 
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with  a  large  quantity  of  fat.  It  is  varioufly  attached 
to  fcveralof  the  vifceraof  the  abdomen.  The  fuperior 
portion  of  it  is  divided  into  two  borders,  one  of  which 
is  fixed  to  the  arch  of  the  colon,  the  other  along  the 
great  curvature  of  the  ftomach.  Below  this  it  is  loofe^ 
and  is  placed  between  the  inteftihes  and  the  anterior 
part  of  the  peritoneum.  Befides  this  large  membra^ 
nous  covering,  called  the  great  omentum,  there  is  a  much 
fmaller  membrane  of  the  fame  kind,  which  is  called 
the  little  omentum.  It  is  fixed  by  its  whole  circum- 
ference partly  to  tlie  fmall  curvature  of  the  (lomachy 
and  partly  to  the  concave  fide  of  the  liver.  The  little 
omentum  is  thinner  and  more  tranfparent  than  thcf 
other,  but  its  ftrufture  is  much  the  fame,  and  it  is  in 
faft  a  continuation  of  the  larger. 

The  omentum  in  man  del'cends  as  far  as  tne  navel/ 
in  quadrupeds  much  lower.  The  reafon  for  this  dif- 
ference  feems  to  be,  that  from  the  cred  pofturaof  man, 
the  oily  matter  exuded  from  the  omentum  muft  fall 
downwards  to  lubricate  the  inteftines,  which  are  placed 
ftill  lower;  this,  however,  cannot  happen  in  quadru- 
peds, which  have  the  trunk  of  the  body  in  a  horizontal 
fituation,  and  therefore  ftand  in  need  of  a  longer  omen- 
tum ;  but  as  the  uie  of  the  omentum  is  not  fully  afccr- 
tained,  this  explanation  is  perhaps  imaginary. 
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Chap.    XVIfl. 

THE   STOMACH    AND   INTESTINES. 

Gemrmi  Dtj/h-^tAm  tftht  Stomach, — Length  of  the  Inteftines  in  Mam 
mmd  ^oilnfeds.'^Small  and  large  Intejlinei, 

TH  E  ftOiTiach  is  a  membranous  fack,  in  form^ 
when  diftendcd,  not  unlike  a  bag-pipe.  The 
ftdmach  is  much  larger  towards  the  left  (ide  than  to- 
wards the  right.  It  has  two  orifices^  one  towards  its 
Icfc  fidej  where  the  oefbphagus  or  gullet  enters,  called 
the  caFdia>  and  another  towards  the  right,  called  the 
pylorus,  which  opens  into  the  inteftines.  The  great 
extremity  of  theftomach  is  in  the  left  hypochondrium, 
and  for  the  moft  part  immediately  under  the  diaphragm, 
yet  the  left  orifice  is  not  in  the  left  hypochondrium, 
but  almoft  oppofite  to,  and  very  near  the  middle  of 
the  bodies  of  the  loweft  vertebrae  of  the  back.  The 
fmall  extremity  of  the  ftomach  does  not  reach  to  the 
right  hypochondrium ;  it  bends  obliquely  backward 
towards  the  other  orifice ;  fo  that  the  pylorus  lies  abouu 
two  fingers  breadth  from  the  body  of  the  vertebrse, 
immediately  under  the  fmall  portion  of  the  liver,  and 
confcquently  lower  down  and  more  forward  than  the 
cardia.  The  ftomach  is  connefted  to  the  omentum, 
and  by  means  of  the  omentum,  on  the  left  fide,  to  the 
Ipleen. 

The  orifices  of  the  ftomach  are  placed  in  the  reccfles 
on  each  fide  of  the  fpine,  and  the  body  of  the  ftomach 
is  clofely  applied  to  it,  and  in  a  manner  bent  round  ic. 
The  orifkesof  the  ftomach  are  therefore  placed  further 
back  than  its  body,  and  are  alfo  a  little  higher,  the  jgh 
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when  the  (lomach  is  diftended  its  body  rifes  nearly  to 
a  level  with  its  orifices.  The  body  of  the  (lomach  is 
diftinguifhed  into  two  curvatures  j  the  concave  furface, 
which  is  applied  round  the  fpine>  is  called  the  lefler 
curvature,  and  that  which  is  convex,  and  is  turned  for- 
wards and  downwards,  the  greater. 

The  ftomach  is  formed  of  four  coats.     The  external 
of  thefe  is  the  peritoneal ;  the  fecond  is  mufcular,  and 
is  formed  of  fibres,  which  are  continued  from  the  muf- 
tular  coat  of  the  oefophagus.     Thefe  fibres  are  ya- 
rioufly  diftributed  in  the  ftomach.     Some  run  direftly 
in  the  leflcr  curvature  to  the  right  orifice  of  the  ftb 
mach,  and  are  loft  in  the  duodenum  ;  fome  run  dow 
each  fide  of  the  ftomach,  and  are  loft  in  its  wideft  par 
towards  the  left  fide.     Befides  thefe  longitudinal  fibre 
the  ftomach  is  furroundcd  by  fome  which  are  circul 
and   which  are  alfo  continued  from  the  cefophagu 
There  is  a  large  aficmblage  of  mufcular  fibres  ro 
the  right  orifice  of  the  ftomach,  which  conftringcs       ii 
fo  as  to  prevent  the   food  from  pafllng  into  the  i  wi- 
trftint^s  before  it  has  undergone  the  proper  changes    in 
the  ftomach. 

If  V.  c  examine  the   inner  furface  of  the  fmall  excre- 
ir/ity  of  the  ilon^.ach,  where  it  ends  in  the  inteftinal  ca- 
n:i),  \vc  onfcrvc  a  circular  border  with  a  roundilh  hofc 
;:i  tlic  rr:i'J.c]le,  which  is  tlicpylcrus,  as  before  mentioned. 
'I'jie  norcuT  is  formed,  parrly  by  a  fold  of  the  internal 
foatii  of  tli'j  ftomach,  and  partly  by  a  colleftion  of 
ficlny  fibus  f»xcd  in  the  duplicature  of  the  tunica  cel- 
I'-'.lola,  Jij'.!  tiiiiingiiiOied  from  the  other  mufcular  fibres 
by  a  Liiiii  vvhicifh  circle,  which  appi-ars  even  through 
tlie  t:iLcrn;ii  coat,  round  the  union  of  the  ftomach  and 
intcTlinc*:. 

The  fiiird  coat  of  the  ftomach,  which  conftitutes  tlic 
grcatcft  parr  of  its  i'ubftancc,  is  th'.*  ct-llular,  or,  as  it 

has 
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has  been  improperly  caJlcd,  nervous  coat.  This  is 
thickj  firm,  of  a  white  colour,  and  is  connected  to  the 
nnilcuLir  by  the  intervention  of  cellular  fubftance,  as  it 
is  alfb  to  the  coat  within. 

The  fourth  and  inner  coat  of  the  ftomach  is  the  vil- 
lous. This  and  the  cdlular  coa:,  being  more  exrcnfxve 
than  the  reft,  are  formed  into  numerous  wrinkles  or 
folds.  It  obtains  the  name  of  vUlous  from  the  uneven- 
hcis  of  its  furface,  as  being  fimilar  to  wool  or  hair 
when  immerifed  in  water.  It  is  fingle,  of  a  red  colour^. 
and  is  icopiouOy  fupplied  with  mucus. 

The  ftomach  is  furnifhed  with  lacJVeals,  which  rife 
xnofl  numeroufly  from  it  near  its  right  orifice ;  it  is 
iMb  very  ccpioufly  furhiflied  with  nerves  and  blood- 
vcflels,  which  will  be  more  fuUv  defcribed  hereafter. 
\Vith  relpcft  to  the  ufes  of  the  ftomach^  they  will  be 
ipoken  of  at  large  in  the  chapter  on  digeftion. 

By  the  inteftines  is  meant  the  whole  of  die  alimen- 
tary tube  bcyortd  the  ftomach.  They  are  divided  into 
the  fmall  and  the  large.  The  fmall  inteftines  are  fub- 
divided  into  the  duodenum,  the  jqunum,  and  the 
ileum.  The  large  into  the  cceciim,  the  colon,  and  the 
rectum.  All  the  inteftines,  except  fjmc  part  of  the 
duodenum,  are  furroundcd  and  fupported  by  the  me- 
fcntery.  In  man,  tiic  length  of  the  inteftines  ib  about 
fix  times  that  of  the  body,  but  in  graminivorcus  qua- 
drupeds their  length,  in  proportion  to  th  Jt  of  the  body, 
is  much  greater. 

'I  he  fmall  inteftines  fill  the  mid Jle  and  fore-parts  of 
flic  abdomen,  while  the  large  fill  the  upper  and  under 
parts,  as  well  as  the  fidts  of  that  cavity. 

The  fmall  inteftines,  in  general,  are  of  a  cylindrical 
form.  They  are  compofcd  of  four  coats,  the  ftructure 
of  which  is  fimilar,  and  which  bear  the  f3nr:e  names  as 
i/.cic  of  the  ftomach.     The  mufcular  coat,  however, 
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difFcrrs  from  that  of  the  ftomach  in  one  refpeft,  that 
the  longitudinal  fibres  are  here  lefs  nunncrous,  and  the 
circular  fibres  much  more  fo.  The  fame  fibre^  ho.w*- 
ever,  docs  not  wholly  furround  the  inteftine,  as  the  circle 
is  made  of  fevcral  imperfeft  arches.  The  cellular 
coat  is  exadtly  the  fame  as  that  of  the  ftomach.  It 
affords  ftrengch  to  the  inteftines,  and  condu6ts  nerves 
and  blood-veflels  to  and  from  the  villous  coat.  The 
villous  coat  of  die  fmall  inteftines  is  exceedingly  cxten- 
five,  and  forms,  together  with  the  cellular  fubftancc, 
which  connefts  it  to  the  cellular  coat,  a  vaft  number  of 
red  femilunar  folds  or  wrinkles,  which  ferve  to  iqcreafe 
remarkably  the  internal  fur&ce  of  the  inteftines,  and 
of  courfe  toexpofe  the  chyle  more  fully  to  the  mouths 
of  die  lafteals. 

The  fmall  inteftines  aflift  in  the  preparation  of  the 
chyle,  and  propel  their  contents  towards,  the  great  in* 
tcftines. 

With  refpeft  to  die  fmall  inteftines  in  particular, 
fevcral  circumftances  are  to  be  noticed.  The  duode- 
num, fo  named  from  its  being  about  twelve  inches  in 
length,  differs  from  the  others  in  not  being  entirely 
furrounded  by  the  peritoneal  coat ;  its  mufcular  coat, 
however,  is  ftronger  than  that  of  the  other  fmall  intef- 
tines, and  its  colour  is  more  florid.  The  duodenum^j 
beginning  from  the  ftomach,  firft  runs  towards  the  right 
fide  downwards,  and  rather  backwards;  then  it  bends 
towards  the  right  kidney,  to  which  it  is  flightly  con- 
nected, and  thence  par:s  before  the  renal  artery  and 
vein,  afcending  gradually  from  right  to  left,  till  it  gets 
before  the  aorta  and  laft  vertebra  of  the  back.  It  con- 
tinues its  courfe  obliquely  forwards  by  a  gentle  turn* 
and  tluen  terminates  in  the  jejunum.  Thrpttgh  this 
whole  courle  the  duodenum  is  firmly  bound  down  and 
concealed  by  the  folds  of  the  peritoneum.  The  duode- 
num 
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ntim  is  more  lax,  and  of  larger  diameter  than  the  other 
fmaSl  inteftine^,  and  by  irs  various  ridngs  and  fallings 
is  calculated  to  retain  the  food  for  fome  time  before  it 
pafles  into  the  jejunum.  About  fix  inches  from  the 
pylorusy  t!je  common  bile  duft  and  the  duft  from  the 
pancreas  pour  their  concents  together  into  the  duode- 
num. 

Of  the  remaining  part  of  the  fmall  inteftines,  two 
fifths  are  called  the  jejunum,  and  the  remaining  three 
fifths  the  ileum,  as  no  other  charaAeriftic  mark  of  dif- 
dnAion  can  be  pointed  out.  The  upper  part  of  the 
finall  inteftines  is  indeed  uniformly  more  red,  rather 
wider,  and  its  ftruflure  more  robuft  than  the  lower 
part,  but  the  gradation  is  regular.  Nothing  particular 
is  to  be  obfcrved  at  any  part,  which  can  furniOi  a  juft 
foundation  for  a  change  of  name,  and  Haller  accord- 
ingly comprehended  the  jejunum  and  ileum  under  the 
term  of  intcftinum  tenue,  or  fmall  intcftine.  The  je- 
junum b  placed  more  about  the  umbilical  region,  the 
ileum  more  in  the  hypogaftric.  The  I'mall  inteftines 
at  length  terminate  in  the  large,  in  the  hollow  of  the 
right  iliac  bone,  below  the  kidney.  At  this  place 
there  is  a  valve,  which  exhibits  the  appearance  of  a  flit 
or  chink.  This  valve  permits  a  free  paffage  from  the 
fmall  inteftines  to  the  large,  but  prevents  any  thing 
from  pafling  readily  from  the  large  to  the  fmall. 

The  ccecum,  which  forms  the  beginning  of  the  great 
inteftines,  may  be  confidcred  as  a  production  of  the 
colon  expanded  into  a  bag.  It  is  about  four  fingers 
in  length  and  as  many  in  breadth.  It  is  firuated  in  the 
right  iliac  region,  and  refts  on  the  broad  part  of  the 
OS  ileum.  At  its  lower  part  it  has  a  long  fmall  proccfi, 
called  the  vermiform,  from  yes  rcfcmblancc  to  an  earth 
worm.  This  procefs  w  plentifully  furniflied  with 
mucus,  which  it  pours  into  the  ccecum.    In  apes  this 
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procefs  is  wanting,  but  its  place  is  fupplied  by  a  glands 
which  affords  a  flippcry  fluid.  In  fomc  birds  wc  meet 
with  two  vermiform  proceffes,  and  in  fome  kinds  of 
filh  they  are  very  numerous.  Under  the  name  of  colon 
is  comprehended  almoft  the  whole  of  the  great  inteC- 
tines.  The  colon  begins  in  the  right  iliac  region,  and 
is  attached  to  the  kidney,  thence  it  rifes  as  high  as.thc 
ftomach  and  the  liver.  It  now  runs  tranfverfely  before 
the  ftomach  to  the  left  fide,  is  conneftcd  to  the  fpleen 
and  kidney,  defcends  into  the  left  iliac  region,  and 
being  there  bent  in  the  form  of  the  letter  *?,  it  temni- 
nates  in  the  reftum.  The  ftrufture  of  the  colon  is 
fimilar  to  that  of  the  fmall  inteftines.  It  is  more  robuftj^ 
however,  and  the  longitudinal  mufcular  fibres,  which 
^re  mixed  with  ligamentous  fubftance,  are  united  into 
three  fafciculi,  giving  it  in  fome  meafure  a  triangular 
form.  Thefe  fafciculi  are  continued  from  the  vermi- 
form procefs  of  the  caecum  to  the  end  of  the  colon, 
where  they  gradually  difappear. 

Along  the  whole  courfe  of  the  colon  are  a  number 
of  ceils  formed  by  circular  contraftions  of  the  inteftine, 
which  ferve  to  retard  thj  progrefs  of  its  contents. 

Along  the  whole  coarfc  of  the  large  inteftines  wc  aHo 
obfcrrvc  fmall  projcftions  of  a  fat  fubftance,  contained 
in  elongations  of  their  common  coat.  They  feem 
in  their  nature  vcrv  analo;:rous  to  the  omentum,  and 
are  confidcred  by  Winflow  as  a  kind  of  fmall  omenta  i 
they  are  accordingly  named  appendices  epiploicae. 

The  reftum,  which  is  a  continuation  of  the  colon, 
begins  at  the  loweft  vertebra  of  the  loins.  It  is  bent 
like  the  internal  fwrface  of  the  os  facrum  and  os  coccy- 
gis,  to  which  it  is  clofely  applied,  and  terminates  at  thcf 
anus.  The  blood-vefleh  of  the  inteftines  wil  be  men- 
tioned in  treating  of  the  general  diftribution  of  die  ar* 
teri^s  and  veins, 
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THE   LIVER,  SPLEEN,   AND   PANCREAS. 

NaturtmiuiSiiuatiomefTbe  Liver. — The  Gall  Bladder, — Bile  DuSi,^^ 
Cokft  of  'Jaundicc.'-^The  SpIan.'^The  Pancrea!,^^Its  Vfis. 

TH  E  liver  is  an  organ  of  a  deep  red  colour, 
and  is  by  far  the  largeft  gland  in  the  body.  It 
is  ficuatcd  imnnediately  beneath  the  diaphragm.  In 
man,  the  liver  is  divided  into  two  portions  or  lobes,  the 
hrger  of  which  is  placed  in  the  right  hypochondriuoi, 
and  the  fmaller  extends  acrofs  the  epigaflric  region, 
towards  the  left.  The  liver  is  divided  on  the  upper 
and  anterior  fide  into  its  lobes  by  a  broad  ligament,  on 
the  lower  and  pofterior,  by  a  deep  fiflbre. 

The  upper  furface  of  the  liver  is  convex  and  fmooth, 
corrcfponding  to  the  concavity  of  the  diaphragm.  The 
lower  furfuce  is  concave  and  uneven.  The  anterior 
and  inferior  margin  of  the  liver  is  acute,  the  poflerior 
and  fuperior  obtufc.  At  the  back  part  of  the  liver, 
near  the  great  fiflure,  there  is  a  triangular  eminence, 
called  the  fmall  lobe  of  the  liver,  or  lobulus  Spigelii. 
The  ligaments  Gf  the  liver,  by  which  it  is  fupported,  are 
four.  Of  thefe,  one  fupports  either  lobe,  and  the  broad 
ligament  fupports  the  middle.  Thefc  ligaments  are 
produdions  of  the  peritoneum,  and  are  very  different 
from  what  are  called  by  the  fame  name  in  other  parts  of 
the  body.  They  pafs  from  the  diaphragm  to  the  liver. 
Befides  thefe,  there  is  the  round  ligament,  which  is 
formed  by  the  concretion  of  a  confiderable  blood- 
veflel  of  the  foetus,  and  pafles  from  the  liver  to  tlie 
navel.     Befides  being  fupported  by  thefe  ligaments, 

P  4  'the 


ft  1 6  ne  Liver,  [Book  IX, 

the  great  lobe  of  the  liver  is  likcwife  connedted  hy  im- 
mediate adhcfion,  without  the  intervention  of  the  perito- 
neum, to  the  tendinous  part  of  the  diaphragm.  Round 
this  adhefion  we  may  obferve  the  peritoneum  folded 
back,  to  form  the  external  covering  of  the  liver. 

The  blood-veffels  of  the  liver,  which  will  be  here- 
after particularly  confidered,  all  enter  on  the  concave 
fide  of  this  organ,  where  it  is  divided  into  its  twp  lobes. 
The  u(es  of  the  liver  are  to  fecrete  and  prep^u^,  the 
bile. 

The  gall-bladder  is  a  membranous  recept2^:le,  fuffi- 
ciently  large  to  contain  two  or  three  ounces  of  bile. 
It  is  conncfted  to  the  inferior  part  of  the  right  lobe  of 
the  liver  in  fuch  a  manner,  that  its  fundus  or  bottom  is 
placed  forwards,  and  is  in  contaft  with  the  colon>  and 
its  neck  is  placed  backwards.  In  (hape  the  gall-blad- 
der much  refemble%a  pear.  It  cpnfifts  of  four  coats, 
which  are  very  fimilar  to  thofe  of  the  inteftines,  and 
are  called  by  the  fame  names.  The  gall-bladder,  as 
well  as  the  liver,  and  the  other  vifccra  of  the  abdomen 
are  covered  by  the  peritoneum. 

The  dufts,  which  ferve  to  convey  the  bile  formed  in 
the  liver  to  the  duodenum,  deferve  particular  attention. 
The  du6l  which  comes  from  the  liver,  and  is  called 
the  hepatic  duft,  is  conftituted  of  a  number  of  fmallcr 
dufts,  which  rife  through  the  whole  fubftancc  of  the 
liver.  This  duel  is  joined  to  another  coming  from 
the  gall  bladder,  and  thefe  dufts  together  conftitutc  the 
common  bile  du6t.  The.  common  dudk  defcends  to- 
wards the  pancreas,  and  pafling  behind  the  duodenum,- 
pierces  its  external  coat.  After  having  run  between  the 
.coats  of  this  inteftine  for  fome  diftance,  it. is  at  lengthy 
between  iDi  fccond  and  third  coat,  united  with  thcdudl 
from  the  pancreas^^  and  dixe  fluids  froni  the  liver  and 
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pancreas  being  thus  mixcd^  are  poured  togedier  into 
the  cavity  of  the  duodenum. 

The  gall-bladder  in  man  receives  all  its  contents  by 
means  of  the  communication  between  the  cyftic  and 
hepatic  du6b.  In  fome  animals,  however,  the  gall- 
bladder receives  its  bile  by  peculiar  du6bi  immediately 
fiom  the  liver,  and  in  chefe  animals  the  cyftic  and  he* 
padc du^  do  not  unite.  From  the  ftruclure  and  con- 
nexion of  thefe  du6b  in  man  it  is  evident,  that  all  the 
bile  which  pafles  into  the  duodenum  muft  pais  through 
the  hepatic  and  com.mon  bile  duels,  and  that  which 
goes  to  the  gall- bladder  pafles  through  the  cyftic  dufb. 
The  dufb  are  furnifhed  with  a  m.ufcular  coat.  The 
ule  of  the  gall-bladder  feems  to  be  to  retain  the  bile 
till  its  more  watery  parts  being  removed,  the  remainder 
may  become  thicker,  more  pungent,  and  more  acrid. 

It  is  fo  placed  that  it  may  be  preffed  upc  :■.  by  the  diC- 
tended  ftomach,  and  its  contents  therefore  difcharged 

when  they  are  moft  required  to  aflift  in  the  proccfs  pi 

dxgeftion.     The  gall-bladder  is  alfo  emptied  by  the 

compreflion  and  agitation  of  the  vifcera,  which  happen 

in  vomiting.     The  bile  in  the  gall-bladder  fomctirnes 

concretes  into  hard  maffcs  called  gall-ftones.     As  long 

as  thefe  remain  in  the  gall-bladder  they  occaficn  litrle 
or  no  inconvenience,  but  when  they  are  propelled  into 
the  dufts  they  diftend  and  irritate  them  fo  as,  when  of 
a  large  fize,  to  ly»  produftive  of  very  violent  pain. 
When  thefe  concretiunK  are  flopped  in  the  common 
gall  duft,  they  prevent  the  paflagc  of  bile  into  the  in- 
tcftincs.  The  bile,  not  cfcaping  in  the  ufual  manner, 
is  accumulated  in  the  liver,  and  being  uken  up  by  the 
abforbents  is  carried  into  the  circulating  lyftem,  and 
produces  jaundice. 

The  fpleen  is  a  fpongy  vifcus,  of  a  colour  between 

deep  red  and  blue.     Its  figure  is  fo  irregular  as  to 
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admit  of  no  dcfcription ;  it  is  fomewhat  oblong,  how- 
ever, but  is  convex  on  the  fide  which  is  applied  to  the 
ribs,  and  concave  on  that  which  is  turned  inwards  to- 
wards the  other  vifccra  of  the  abdomen,  and  where  it 
receives  its  blood-vefllls.  It  is  placed  on  the  left  fide, 
in  the  left  hypochonSrium,  and  is  oppofice  to  the  two 
laft  of  thefalf^  ribs. 

The  fplcen  is  connected  to  the  ftomach  by  blood- 
vefiels  and  a  ligament,  to  the  omentum,  to  the  left 
hidney,  to  tlie  poftcrijr  part  of  the  diaphragm  by  the 
j)c*rItoncum,  to  the  pancreas  by  veflels,  and  to  the 
colon  by  a  ligame^.r.  Tlie  fpleen  has  only  one  coat, 
which  can  be  duTmdlly  perceived,  and  which  is  derived 
from  the  peritoneum.  The  fpleen  is  extremely  vafcu* 
Jar,  and  when  macerated  feems  wholly  conftituted  of 
numerous-blood-veffels.  It  h.ts  no  excretory  duft,  and 
it  is  remarkable,  that  though  an  organ  of  fuch  confider- 
aible  fize,  its  ufe  is  entirely  unknown. 

The  pancreas  is  a  glandular  organ,  of  a  pale  red 
colour,  and  is  called  in  certain  animals  the  fweetbread. 
The  pancreas  is  lituated  in  the  epigaftric  region,  be- 
hind die  ftomach,  in  the  triangular  fpace  fiirrounded  by 
the  windings  of  the  duodenum.  In  form  it  refembles 
the  tongue  of  a  dc^g,  the  narrow  termination  of  Avhich 
is  placed  towards  the  fpleen,  and  is  connected  to  that 
organ  by  biood-veflels.  The  pancreas  in  the  human 
fubjcdl  is  eight  or  nine  inches  in  length  but  very  nar- 
row, and  its  fituation  in  the  bo.V  is  very  nearly  tranf- 
verfe.  The  liquor  prepartrd  by  this  gland  is  remark- 
ably fimilar  to  that  prepared  by  the  glands  which 
furnifh  faliva  to  the  mouth;  fo  that  t!ic  pancreas  may 
be  confidered  as  the  largeft  fiiivary  gland  in  the 
body.  Like  the  falivary  glands,  tho  pancreas  is  a 
conglomerate  gland,  or  confifts  of  a  number  of  fmall 

glandular 
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glandular  mafles  united  by  cellular  fubftance.  Near 
die  pancreas  is  oblerved  a  fmaller  gland  of  the  fame 
kind.  This  is  called  the  little  pancreas>  and  pours 
its  contents  into  the  pancreatic  du6t.  We  have  al- 
ready Icen^  that  where  the  pancreatic  dufb  pours  its 
contents  into  the  4uodeiiumj  it  is  united  with  the  com- 
mon bile  dud. 
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THE  ORGANS  PLACED  NEAR,  BUT  WITHOUT  THE 
CAVITY  OF  THE  ABDOMEN. 

7'Le  Glandula  SuprarenaIes,^^Tbc  KUneys^'^-fTbt  BlatUer* 

I 

THE  glandulae  fuprarenales  are  two  triangular 
bodies^  the  fabric  of  which  is  analous  to  thac 
of  glands.  In  the  fcetus  they  are  larger  than  the  kid- 
neys themfclves,  over  which  they  are  placed;  but  in 
adults  they  are  much  fmaller.  They  are  hollow^  and 
are  filled  with  a  reddifh  matter.  The  right  fuprarcnal 
gland  is  fixed  to  the  liver,  the  left  to  the  fpleen  and 
pancreas,  both  to  the  diaphragm,  and  each  of  them 
to  the  kidney,  above  which  it  is  placed.  They  are 
furnifhed  with  no  excretory  duft,  and  their  ufe  is 
unknown. 

The  kidneys  are  two  organs  of  a  pale  red  colour,, 
and  a  firm  confidence,  in  form  refcmbling  the  beans 
which  bear  the  fame  name.  They  are  placed  with- 
out the  cavity  of  the  abdomen,  on  each  fide  of  the 
Ipine,  and  extend  acrofs  the  two  lowcft  falfe  ribs  as 
far  as  the  bottom  of  the  fecond  lumbar  vertebra  j 
they  reft  on  the  great  pfoas  mufcle,  the  fquare  muf- 
cle  of  the  loins,  and  the  tranfverfe  of  the  abdomenj 
in  fuch  a  manner  that  the  right  kidney  is  placed  below 
the  liver  and  the  colon,  fomewhat  lower  and  further 
back,  the  left  under  the  fpleen,  the  ftomach,  the  pan- 
creas, and  the  colon,  ibmewhat  higher  and  more 
forwards.  The  length  of  the  kidneys  is  about  fix 
inches,  their  breadth  about  four.  Of  the  two  mar- 
gins of  the  kidneys,  that  which  is  placed  outwards 

is 
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is  coovezy  that  pbced  inwards  concave.  The  kid- 
nqrs  are  varioufly  conneded  to  the  vifcera,  which  are 
next  dicm.  The  right  kidney  is  conne6bed  to  the 
cokuH  whichy  as  Ihoukl  have  been  before  remarked)  is 
here  pardy  without  the  cavity  of  the  abdomen. 

The  kidney  is  made  up  of  three  different  fub<^ 
ftances;  firft»  an  external  part  of  a  pale  colour,  which 
chiefly  confifis  of  numerous  convolutions  of  blcod^ 
vei&ls,  aod  is  called  the  cortical  part.  The  other 
two  fubftancesy  that  is  the  medullary  or  ftriated,  and 
the  papillary^  are  really  but  one  and  the  fame  mafs^ 
c£  a  rddder  colour.  The  ra(^ated  ftriae  are  continued 
into  the  papillary  portion,  where  they  terminate  io 
about  eleven  or '  twelve  papilhe,  rorrefponding  with 
the  number  of  glandular  portions,  of  which  the  kid- 
ney was  originally  compofcd.  At  the  point  of  each 
papilla  we  fee  with  the  naked  eye,  in  a  Hight  dcpref- 
fiout  (everal  fmall  holes,  through  which  the  urine 
may  be  perceived  to  Bow  when  the  kidney  is  com- 
pivflcd.  Each  papilla  lies  in  a  kind  of  membranous 
calix  or  (heath,  which  opens  into  a  common  cavirj", 
called  the  pelvis.  The  pelvis  is  alio  membranous,  being 
a  continuation  of  the  calix.  In  man  the  cavity  of  the 
pelvis  is  not  uniform,  but  diltinguifhed  into  three  por- 
tions, each  pf  which  contains  a  certain  number  o( 
calices,  together  with  the  papillae  which  they  fur- 
rouod.  The  kidneys  are  furroundcd  with  a  ftrong. 
finn  membrane,  which  is  very  clofcly  applied  about 
tbeoi.  This,  however,  does  noc  p.ocefd  from  the 
peritoneum,  but  is  connected  to  tiie  poilerior  part  of 
that  membrane  by  means  of  a  large  quantity  of  cel- 
lular fubftancc,  which  is  always  plentifully  filled  with 

The  urine,  which  is  fecreted  in  the  kidney,  drops 

from  the  papillse  into  the  pelvis.     Ail  the  fub-divi- 

I  fions 
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fions  of  this  bag  ulrimately  terminate  in  a  mccnbra^ 
nous  canal,  c^Icd  the  ureter,  which,  defccnding  bci 
twecn  the  peritoneum  and  the  great  pfoas  muicde, 
reaches  the  urinary  bladder,  to  which  it  conveys  the 
urine.  The  ureters  of  both  kidneys  enter  the  blad-^ 
der  at  the  pofterior  part,  near  the  neck,  which  is  the 
moft  fixed  paint.  They  run  fome  diftancc  between 
the  coats  of  the  bladder,  before  they  open  into  its 
cavity,  and  this  (Irufture  has  the  effeft  of  a  valve,  in 
preventing  the  fluid  when  the  bladder  is  very  fuUj 
from  returning  towards  the  kidney. 

The  ureters  are  about  a  ipan  long,  and  their  canal 
is  much  wider  in  fome  parts  than  ia  others.  They 
are  in  gen.eral  about  the  fize  of  a  writing  pen,  and 
are  fome  what  curved  in  their  courfe  from  thp  kid-* 
ney  to  the  bladder,  fo  as  to  rcfemble  the  letter  yi 
They  arc  furnilhed  with  feveral  coats,  one  of  which 
is  mufcular.  They  are  very  fcnfible,  as  is  proved  by 
the  acute  pain  which  perfons  who  are  fubjedb  to  the 
gravel  experience  while  die  ftones  are  paffing  through 
them. 

The  urinary  bladder  is  a  membranous  fack  of  con- 
fiderable  fize.  It  is  placed  at  the  anterior  part  of 
the  pelvis  ;  when  it  is  empty,  it  finks  below  the  upper 
part  of  the  olla  pubis,  but  when  filled,  rifes  confi- 
derably  above  them.  It  is  larger  in  women  than  in 
men.  The  upper  part  of  the  bladder  is  called  its 
fundus,  which  is  much  wider  than  where  it  terminates 
in  its  neck.  The  anterior  part  of  the  bladder,  which 
is  placed  next  the  oflii  pubis,  is  more  flat,  that  turned 
backwards  more  convex.  Its  general  form  is  a  round 
cblcng. 

The  bladder  in  men  is  connected  behind  to  the 
reftum,  and  before  it  is  always  attached  by  cellular 
fubftance  to  the  ofiapubis.     It  is  alfo  connefted  to  the 
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navel  by  ligaments,  which  arc  the  remains  of  two 
arteries  of  the  foetus,  and  as  its  fundus  pro-tcls  into 
die  cavity  of  the  abdomen,  the  bladder  is  iilfo  con- 
nected  to  the  peritoneum,  which  covers  p-rt  of  its 
fundus. 

The  coats  of  the  bladder  are,  firfl:,  a  coat  of  cel- 
lular fubftance,  bv  wliich  it  is  connected  to  the  nei^h- 
bouring  parts ;  adly,  a  mufcular  coat,  the  fibres  of 
which,  beginning  from  the  neck,  afcend  on  both 
fides,  towards  the  fundus.  At  the  neck  the  fibres 
crofs  each  other,  and  in  this  manner  form  a  fphinfter, 
by  which  animals  are  enabled  to  retaih  the  urine; 
and  yet  a  continuation  of  i\\t  fame  fibres  toward*  die 
fundus  alTifts  in  expeilirg  it.  In  this  part,  as  v/ell  as  in 
the  tongue  and  mouth,  we  have  an  inftance  of  the  vlif- 
ferent  parts  of  the  lame  mufcular  fibres  counteracting 
each  other. 

The  third  coat  of  the  bladder  is  like  the  nervous 
coat  of  the  inteftines,  and  bears  the  fame  name.  The 
inner  coat  has  many  f  ildin^??,  and  is  plt-ncirully  fup- 
plied  with  mucus.  The  fiindii.^  of  the  blavki;:r  alio 
derives  a  coat  from  th-  peritoneum.  Thj!  ufcs  of  t!.e 
bladder  are  to  receivt.-  the  urine,  to  retain  it  for  a  time, 
and  to  expel  it  tlirougli  the  urethra  from  the  body. 

Had  the  peritoneum  been  fpread  over  the  bladder 
in  its  v.'hole  extenr,  the  weight  of  the  vilcera  in  our 
creft  pofture  would  h  jvc  lb  home  upon  it,  that  a  con-* 
iiderable  quantity  of  warcr  cc  :I  i  net  have  been  col- 
lefted  there.  The  pertciieum,  however,  by  pafllng 
from  the  fides  of  the  abdomen  over  the  fuperior  part 
of  the  bladder,  forms  a  fupport  f  jr  the  incumbent  vif- 
cera,  and  prel'eives  a  certiiin  1]:vice  below,  where  they 
cannot  prefs.  In  the*  quadrup'.  J,  wjicre,  from  the  ho- 
rizontal pofitl on  of  tlie  body,  ti.e  abdpminal  vifccra  do 
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iiot  prefs  on  the  bladder^  that  organ  is  entirel^r  invefted 
wi^h  the  pcritoncunv 

The  figure  in  plate  X.  rcprcfcnts> 

t.  The  tracliea. 

2.  Th«  internal  jugular  Veini 

3.  The  fubclavian  vein. 

4.  The  vena  cava  defcendens* 

5.  The  right  auricle  of  the  heart* 

6*  The  right  Ventricle^  the  pericardium  being  tt- 
moved. 

7.  Part  of  the  left  ventricle. 

8.  The  aorta  afcendens* 

^  The  arteria  pulmonalis. 

10.  The  right  lobe  of  the  lungs^  part  of  tVhidiis  eut 

off  to  (hew  the  great  blood  vefiels^ 

11.  The  left  lobe  of  the  lungs, 

12.  The  diaphragm^ 
ij.  The  fiver. 

14.  The  ligamentum  rotundunrt. 

15.  The  bottom  of  the  gall-bladder  projefting  be- 

yond the  anterior  edge  of  the  great  lobe  of 
the  liver. 

16.  The  ftoniach>  preffed  by  the  liver  towards  th# 

left  fidCfc 

17.  The  fmall  intcftines. 

18.  Th^fplcem 

The  figure  in  PUte  XL"  reprefcnts* 

I .  The  under  fide  of  the  liver, 
a.  The  ligamentum  rotundum* 

3.  The  gall-bladder. 

4.  The  pancreas, 

5.  The  Iplcen. 

e.  Th<5 
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6.  The  kidneys; 

7.  The  aorta  delcendens. 

8.  The  vena  cava  aicendens. 
^  Theemulgent  veb. 

IIX  A  probe  under  the  ipermadc  veflels  and  the 
artcria  niefchterica  inferior^  and  over  the 
urttcrs. 

11;  The  ureters. 

13.  The  iliac  veflelS| 

i^.  The  inteftinum  redum . 

14.  The  urinary  bladder. 
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Chap.     XXI. 

THE  CAVITIES  OF  THE  MOUTK  AND  FAUCES,  «rc. 

The  Palate,-^The  Pbarynx.^Tbe  Oe/opbagus, — The  Lofynx. — The 

Gloitis.^  The  Epiglottis.^^lbe  Windpipe. 

IT  is  iinncceffary  to  enumerate  the  parts  which  ex- 
ternally limit  the  cavity  of  the  mouth,  as  the  lips, 
cheeks,  &c.  fince  they  are  obvious  to  common  obftr- 
vation.  Within  the  mouth  are  the  bony  proceffcs 
which  include  the  teeth,  and  which  are  covered  by  the 
gums.  The  upper  and  arched  part  of  the  mouth  is 
called  the  palate.  The  palate  is  divided  into  the  hard 
and  the  foft.  The  hard  palate  is  bounded  by  the  teeth, 
and  is  formed  by  the  tv;o  offa  maxillaria  and  ofla 
palati  covered  with  the  periofteum  and  the  common 
coat  of  the  infide  of  the  mouth;  which  {)roduces,  par- 
ticularly in  fome  animals,  a  number  of  hard  ridges. 
The  Ibfc  palate  or  velum  pendulum  palatinum  is  a 
feptum,  which  arifes  from  the  external  margin  of  ths 
palate  bones,  and  laterally  from  a  procefs  of  the  iphe- 
noid  bones.  It  is  a  moveable  foft  fubftance,  hanging 
between  the  cavity  of  the  mouth  and  the  poftcrior  ter- 
mination of  the  noftrils. 

The  fofc  palate  is  compofed  of  the  common  mem- 
brane of  the  mouth  and  nofe,  and  includes  a  number  of 
mucous  glands,  and  fome  mufcular  fubftance.  It  fbrois 
two  arches  on  each  fide,  defcending  from  the  hard  pa- 
late. The  two  anterior  of  thefe  arches  are  fmaller 
^nd  thinner,  and  are  inferted  laterally  into  the  tongue ; 
the  two  pofterior  are  large,  and  are  connefted  behind 
to  the  pharynx.    In  die  middle  and  upper  part,  where 
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all  the  half  arches  unicc,  they  are  kngchened  into  a 
finall  pointed  bocjy,  which  is  eajGly  fecn  at  the  back  part 
of  the  mouthy  and  is  called  the  columella  or  uvula. 
On  each  fidey  in  the  bottom  of  the  fpace  which  is  left 
l^ween  the  anterior  and  pofterior  arches,  is  placed  an 
oblong  glandular  Jtx)dy,  which  opens  inro  the  throat 
by  devep  or  twelve  excretory  dufts,  and  is  called  the 
amygdala  or  tonuL  We  have  the  power  of  (lopping 
die  p^fl^ge  of  air  from  the  nofe,  by  drawing  up  the 
foft  palace,  fo  as  to  cover  its  pofterior  openings.  The 
whole  cavity  of  the  mouth  is  moiftencd  by  mucus, 
and  the  liquor  from  the  falivary  glands. 

The  glands  which  furnifti  the  mouth  with .  Ipittle  or 
ialiva  arc  the  two  parotids,  which  are  fcated  immediately 
below  the  ears  ;  the  maxilkry,  which  are  fcated  at  the 
infide  of  the  angles  of  the  lower  jaw  ;  the  fublingual, 
which  zic  placed  between  the  bone  of  the  lower  jaw 
and  the  tongue ;  and  laftly,  a  number  of  frrall  glands, 
placed  in  bunches  about  the  opening  of  the  duel:-,  v.  hich 
coine  from  the  parotid  glands.  The  ftrufturc  of  the 
falivary  glands  is  like  that  of  the  pancreas. 

I  ihall  defer  the  dercrii)tion  of  the  ton^^iic  till  I  co:r.e 
to  treat  of  the  fcnfc  of  taftin2'.  The  no^V,  the  ear,T.r.l 
the  eve,  will  bedLllribcd  when  I  treat  of  the  ftnic:,  to 
which  they  arc  fubfcrvicnr. 

The  cavity  behind  the  palatum  molle  or  foft  palite 
is  called  tht  pharynx.  At  iwc  back  part  it  ib  boiindL'  1 
by  the  vertcbiic  of  the  neck,  above  by  the  bafe  of  thi 
cranium,  before  and  httraUy  by  the  foft  pahite  and  mi^.ch 
cellular  fubftance,  and  every  w a)"  by  the  mufcles  whtcli 
furround  the  neck.  The  noilrils  terminate  at  their 
pollerior  opening  in  the  cavity  of  the  pharynx,  as  do 
laterally  die  two  cuftachian  tubes  from  the  internal  part 
of  the  ear. 

The  pharynx  is  a  mufcular  bag  (haped  like  a  funnel, 
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beginning  from  the  bafe  of  the  cranium  and  termi- 
nating below  in  the  cefophagus  or  gullet.  Its  fubftance 
is  merely  mufcular,  covered  with  the  fame  tender  and 
glandular  membrane  which  lines  the  mouthy  fauceSj 
and  oefophagus.  The  ufe  of  the  pharynx  is  to  receive 
the  aliment  and  impel  it  into  the  cefophagus. 

The  oefophagus  or  gullet  is  a  membranous  tube,  be- 
ginning from  the  narrow  termination  of  the  pharynx. 
It  is  placed  between  the  vertebrae  of  the  neck  and  the 
windpipe,  and  defccnding  lower  is .  embraced  by  the 
pleurn,  and  lies  in  a  triangular  fpace  behind  the  me-c 
diaftinuni.  Having  arrived  at  the  bottom  of  the  tho- 
rax it  paflcs  through  the  left  perforation  of  the  dia« 
phragm,  and  terminates  in  the  cardia,  or  left  orifice 
of  the  ftomach. 

The  oefophagus  has  four  coats.  Firft,  a  covering 
from  the  pleura ;  fecondly,  a  mufcular  coat  of  con- 
fiderable  power;  thirdly,  a  cellular  coat  j  and  laftly, 
a  render  internal  coat,  like  that  of  the  &uces,  and 
which  is  copioufly  fupplicd  with  mucus.  The  oefo- 
phagus conveys  the  food  to  the  ftomach. 

The  larynx  is  a  hollow  tube  compofed  of  cartilages, 
niufcles,  and  ligaments,  fituated  behind  and  below  the 
tor.gue,  at  the  anterior  part  of  the  neck.  The  larynx 
is  conneflcd  above  to  the  os  hyoides,  behind  to  the 
root  of  the  tongue  and  the  pharynx. 

The  cartilages  of  the  larynx  are  the  cricoid  or  an- 
nular, which  is  narrow  before  and  broad  behind,  and  is 
diere  divitied  into  two  excavations,  which  receive  the 
arytenoid  or  pyramidal  cartilages.  The  cricoid  carti- 
lage forms  die  bafis  of  the  whole  larynx.  It  is  con- 
nc6lcd  below  to  the  windpipe,  and  above  to  the  pyra- 
midal and  thyroid  cartilages.  ^ 

The  thyroid  cartilage  reds  perpendicularly  on  the 

cricoid,  and  conftitutes  the  upper,  anterior,  and  largeft 
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part  of  the  larynx.  It  confifts  of  two  almoft  quadran- 
gular plates  of  cartilage,  which  unite  before  at  an  ob- 
tufe  angle,  but  behind  are  icparate.  This  cartilage  is 
harder  and  more  prominent  in  men  than  in  women, 
and  has  therefore  been  called  the  pmiium  Adami.  At 
its  pofterior  part  the  thyroid  cartilage  has  procefles 
above  and  below.  The  upper  are  united  by  means  of 
ligaments  with  the  proceffes  of  the  os  hyoidcs.  '  The 
lower,  which  arc  fliorter,  are  conne6ted  to  the  cricoid 
cartilage.  The  two  arytenoid  cartilages  are  the  fmalleft, 
which  contribute  to  form  the  larynx.  They  are  equal 
in  fizc,  and  when  joined  together  refemble  the  fpout 
of  an  ewer.  They  are  placed  perpendicularly  in  two 
excavations  of  the  cricoid  cartilage  at  its  pofterior  part. 
The  glottis  is  formed  of  two  ligaments,  in  the  follow- 
ing manner : 

Aiucriorly  the  bafe  of  each  arytenoid  cartilage  is 
fixed  to  one  end  of  a  ligamentary  cord,  which,  by  its 
other  end,  is  infcrted  about  the  middle  of  the  concave 
fide  of  the  anterior  portion  of  the  thyroid.  At  the 
latter  infertion  the  two  ligaments  touch  each  other ; 
but  a  fmall  fpace  is  left  between  them,  where  they  are 
conneded  with  the  arytenoid  cartilages.  This  chink 
is  what  is  called  the  rima  glottidis,  which  is  capable  of 
contraction  and  dilatation. 

Under  thefe  ligaments  are  two  fmaller,  which  alfo 
arife  from  the  arytenoid  cartilages,  and,  running  for- 
wards, are  attached  to  the  middle  part  of  the  thyroid 
cartilage.  Between  thefe  fuperior  and  inferior  liga- 
ments there  is  on  each  fide  a  fmall  bag  or  cavity, 
called  the  ventriculus  Galeni. 

Over  the  opening  of  the  larynx,  the  rima  glottidis, 
is  placed  a  cartilaginous  fubftance,  called  the  epiglottis ; 
it  is  fituated  above  the  anterior  or  convex  portion  o( 
(he  cartilago  thyroids^  and  its  lower  extremity  is  con- 
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nefted  by  a  ftiort,  broad,  and  very  ftrong  ligafnenrj 
to  the  middle  notch  in  the  upper  edge  of  that  cartUage. 
The  epiglottis  is  fomcwhat  concave  behind  and  convific 
before.  Its  fhape  rcfembles  that  of  the  tortgucy  md 
its  termination  or  apex  is  always  free,  fo  as  by  its  own 
elafticity  to  be  naturally  elevnted.  In  deglutition. 
However,  when  the  tongue  is  drawn  backwards,  the 
epiglottis  is  exa6lly  applied  over  the  rima  gbttidis^  fo 
aS  to  prevent  the  food  from  paffing  irito  the  larynxj  or^ 
as  is  commonly  faid,  going  the  wrong  way. 

The  pharynx  is  every  where  ronnefted  by  mufcular 
fibres  to  the  larynx,  and  the  larynx  is  in  a  manner  fuf- 
pended  in  its  cavity.  At  the  anterior  part  of  the  la» 
lynx  is  placed  a  gland  of  confiderable  fize,  called  the 
thyroid  gland.  It  is  not  difcovered  to  have  arly  excre- 
tory duft,  and  its  ufe  is  unknown. 

The  mufcles  which  regulate  tlie  motions  of  the  glot- 
tis, which  is  the  principal  organ  of  the  voice,  arc  the 
following  four  pairs,  and  one  fingle  mufcle  : 

The  crido-arytenoideus  pofticus  arifes  from  the  cri- 
coid cartilage,  and  is  inferted  into  the  pofterior  part  of 
the  bafe  of  the  arytenoid  cartilage.  By  its  cohtraftion 
it  opens  the  rima  glottidis  a  little,  and  by  pulling  back 
the  arytenoid  cartilage,  renders  the  ligament  tenfe. 

The  crico-arytenoidcus  lateralis  ptx)ceeds  from  the 
cricoid  cartilage  laterally,  where  it  ii>  covered  by  par5 
of  the  thyroid,  and  i^^  inferted  into  the  bafc  of  the  aryrc- 
nciil  cartibge.  Its  ciTevfl  is  to  open  the  rima  glottidis, 
by  feparating  the  ^.rytcnoid  cartilages,  and  confequenily 
the  ligaments  which  a;e  fixed  to  them. 

The  thyreo-arytenoidcus  arifes  from  the  thyroid  car- 
tilage, runs  backwards  along  the  lidc  of  the  glottis,  and 
is  inicricd  into  the  arytenoid  cartilages.  Its  efFcd  ia 
to  bring  the  thyroid  and  arytenoid  cartilages  nearer  to 
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each  other,  and  confequendy  to  relax'  the  ligaments 
which  are  placed  between  them. 

The  arytenoideus  obliquus  arifes  from  the  b^ife  of 
one  arytenoid  cartilage,  and  crolTmg  ics  fellow,  is  In- 
feitcd  into  the  tip  of  the  other.  When  both  act,  they 
pull  the  arjTtenoid  cartilages  towards  each  other,  and 
therefore  contrad  the  rima  giotcidis. 

The  fingle  mufcle  which  was  mentioned  is  the  ary* 
tenoidcus  tranfverfus.  It  arifes  from  the  fide  of  one 
arytenoid  cartibge  and  pafles  to  the  other.  It  (huts  the 
rima  giotttdis  by  bringing  the  arytenoid  cartilages  with 
die  ligaments  nearer  each  other. 

Befides  thefe,  there  are  afew  feparate  mufcular  fibres, 
which  from  their,  connections  are  called 

The  thyreo-epigiottideus,  which  arifes  from  the  thy- 
roid cartilage,  and  is  inferted  into  the  epiglotns  laterally. 
It  draws  the  epiglottis  obliquely  downwards. 

The  aryteno-epiglottideus,  which  arifes  from  the 
ikle  and  upper  part  of  the  arytenoid  canilage,  and  is 
inferted  with  the  former  into  the  epiglottis ;  it  pulls 
down  the  epiglottis,  and  counterads  the  effed  of  its 
elafticity. 

The  afpera  arteria,  or  windpipe,  is  a  tube  formed  of 
annular  cartilages,  membranes,  and  mufc-jlar  fibres.  It 
begins  from  the  annular  cartil.igc  c  f  the  larynx,  de- 
fcenJs  rarher  towards  the  right  fiue  of  the  {pine  into 
the  cavity  of  the  t;horax,  and  is  dividcvl  into  two  great 
branches,  which  being  afrenvards  frbdivided,  obtain 
the  name  of  bronctii^,  and  are  difci/^iitc  \  throui>h  the 
fubftance  of  the  lungs.  The  afpera  ar^jria  is  furnilhed 
with  two  membranes,  the  outer  or  wh^ch  is  formed  of 
cellular  fubftance,  and  the  inner  Is  vei  v  fort  and  tender; 
between  thefe  membranes  are  plac'd  he  cartiL^'^inous 
ring?"..  Thefe  rings  arc  connected  lj  c  ach  other  by  liga- 
mentous fibres  above  and  below.     They  do  not  form 
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complete  circles,  but  are  imperfeft  behind,  where  the 
circle  is  completed  by  a  foft  but  (Irong  glandular  and 
mufcular  membrane.  The  cartilaginous  rings  are  thin 
and  elaftic,  but  thicker  and  broader  before  than  at  their 
fides.  They  are  largeft  at  the  upper  part  of  the  wind- 
pipe, and  are  found  to  be  fmaller  as  we  advance  lower. 
Of  the  mufcular  fibres  fituated  between  the  cartilagi-^ 
nous  rings,  fome  are  circular,  which  render  the  wind* 
pipe  narrower,  and  others  longitudinal,  which  render  it 
fhortcr. 

The  windpipe  in  the  upper  part  of  the  cavity  of  the 
thorax  is  divided  as  was  before  ftated  into  two  great 
branches,  the  larger  and  ftiortcr  of  which  goes  to  the 
right  lobe  of  the  lungs,  the  fmaller  and  longer  to  the 
left. 

The  ftrudlure  of  the  branches  of  the  windpipe,  till 
they  enter  the  fubftance  of  the  lungs,  is  the  fame  as  that 
of  the  windpipe ;  after  they  enter  the  lungs,  however, 
the  cartilaginous  rings  foon  difappear,  and  nothing  but 
a  thin  elaftic  coat  remains.  The  ultimate  divifions  of 
the  windpipe  terminate  in  the  air-veflcls  of  the  lungs. 
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Chap.     XXIL 

THE  PLEURA,  THE  LUNGS,  AND  THE  THYMUS- 

Dtjcriptwm  rf  the  Thorax, — The  PUura.'^Tbe  Breafts^^^Breafii  rf 
Imfamts  contain  Milk,^^Tbe  Mediaftinum. — Tbt  Lungs, — The 
Tiymms. 

TH  E  thorax  is  that  part  of  the  body  which  lies 
between  the  neck  and  the  diaphragm.  It  is  fur- 
rounded  by  the  (pine,  the  ribs,  the  flernum,  and  the 
diaphragm,  and  alfo,  internally,  by  a  thin  membrane 
like  the  peritoneum,  which  forms  two  fcparate  cavi- 
ties, and  is  called  the  pleura.  On  the  external  part . 
of  the  thorax  are  placed  the  mamnfue  or  breads ;  within 
is  the  heart,  with  its  large  vefTels,  and  the  lungs. 

The  mammce,  or  breads,  in  men,  and  children  of 
both  lexes,  are  no  more  than  cutaneous  tubercles,  with 
a  brownifh  circle  in  the  middle,  called  the  areola.  In 
women  they  are  two  convex  firm  bodies,  of  a  glandu- 
lar nature.  In  the  middle  of  each  breafl:  is  a  promi- 
nent fpongy  fubftance,  called  the  papilla,  perforated  by 
a  number  of  duels  for  the  dlfcharge  of  the  milk,  around 
which  is  pbced  the  areola.  The  internal  part  of  the 
bread  chiefiy  confifts  of  a  large  quantity  of  fat;  but 
there  is  alfo  a  large  glandular  ibbftance,  compofed  of 
many  fmailer  glands,  connected  together  by  cellular 
membrane ;  this  is  the  or£?an  which  fccretes  the  milk, 
and  to  which  the  term  mamma  is  more  driftly  appli- 
cable.  It  is  remarkable,  that  a  finall  quantity  of  milk 
may  in  general  be  preflcd  from  the  breads  of  new-born 
infants,  both  male  and  female. 

The  pleura,  as  has  been  intimated,  is  a  tranfparent 
^il  dcnfe  membrane,  continued  through  the  left  per- 

foiadon 
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foration  of  the  diaphragm  from  the  periconeum.  It 
covers  the  internal  fur  face  of  the  bones  of  the  thorax 
and  the  upper  part  of  the  diaphragm,  and  involves  the 
vifcera  of  the  thorax  in  the  fame  manner  as  below  it 
involved  thofe  of  the  abdomen.  The  internal  fur&ce 
of  the  pleura  is  conllantly  moiftened,  and  rendered 
flippery  by  a  ferous  exudation. 

The  mediaftinum  is  formed  by  two  laminae  of  Ac 
pleura  including  cellular  fubftance.  Thefe  arc  dofely 
connected  near  the  fternum  and  vertebras ;  but  in  the 
middle  and  towards  the  lower  part  they  are  feparaced 
by  the  pericardium  and  heart.  Before  die  hcartj  from 
the  pericardium  to  the  ilernum,  the  two  laminas  ad« 
here  very  clofely  j  higher  up  they  are  divided  to  re- 
ceive the  thymus.  The  mediaftinum  divides  the 
thorax  perpendicularly  into  two  feparate  cavities  or 
facks,  which  contain  the  lungs.  The  mediaftinum  is 
attached  in  fuch  a  manner  to  the  anterior  part  of  the 
bones  of  the  thorax,  as  to  render  the  right  fack  of  the 
pleura  larger  than  the  left.  Behind,  the  mediaftinum 
is  atcachcd  to  the  dorfal  vertebrae,  before  to  die  fter- 
num, below  to  the  diaj^Iiragm  and  pericardium,  and 
;tb(v/c  to  the  large  blooT^l-vclIcls. 

Behind,  towards  the  vertebrae  of  the  back,  is  left  a 
triangular  fpacc,  in  which  is  placed  the  windpipe,  the 
(cfj'pliagLis,  the  tlioracic  duel,  and  feveral  large  blo<id- 
vcfTels ;  before,  tlie  gland  called  the  thymus  occupies 
:i  fiiinhir  fpiice.  The  ufes  of  the  pleura  are  to  furnifh 
,1!':  :  uernal  covering  to  the  bones  of  the  thorax  and 
•iij  dia:  lii'agm,  and  an  external  covering  to  the  the* 
*"atic  viicera. 

1  !ie  union  of  tlie  two  facks  of  the  pleura,  forming 
tl'.e  rr.ealailinum,  is  of  ufe,  by  fupporting  the  lungs, 
•Hid  by  preventing  their  preffure  on  each  other  when 
tfiC  body  is  turned  to  either  fide.     By  the  two  fides  of 

the 
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die  thorax  being  thus  ieparated,  one  may  be  wounded 
widiout  impeding  the  fun&ions  of  the  other. 

The  lungs  fill  the  two  facks  of  the  pleura^  one  of 
vtiieh  is  placed  on  each  fide  of  the  medialHnuni.  With 
refpcft  to  the  form  of  the  lungs,  their  bafes  arc  broad, 
aod  their  fummits  form  an  obtufe  cone.  Their  an:e- 
rior  fiir&ces,  and  thofe  applied  to  the  mediafiinum,  arc 
flat}  that  next  the  ribs  is  fomewhat  convex,  and  that 
behind  Hound*  The  lower  part  of  the  left  lung  is 
citaivated  to  make  room  for  the  heart.  The  colour 
of  the  lun^s  is  in  infancs  reddiih,  in  adulrs  ffrcyilh,  and 
in  old  age  they  verge  towards  dark  blue  or  bi.ick ;  their 
furface  is  ufually  mottled. 

The  lungs  are  connected  above  to  r!:e  neck  by 
means  of  the  windpipe,  and  below  by  blood.  vclTcls  to 
the  heart.  They  have  no  other  covering  bur  the 
pleura,  connefted  to  them  by  the  inter\Tr::ion  of  thin 
cellular  fubftance,  which  in  this  part  is  always  free 
fiiom  fat. 

Wi:h  refpect  CO  the  iirucriire  o^the  lungs,  the  right, 
which  15  larger,  confifts  of  three  lobes,  the  left  only 
of  tv/o ;  ail  of  thelc  arc  fubdividcd  into  a  number  of 
fmallrr  lobes  calltrJ  lobules.  Thcfe  divifions  are  con- 
nected to  each  other  by  the  in:;.Tven:ion  of  cellular 
fubftance.  The  fiibil.ir.ee  of  t'lie  lungi^  is  ulrimatel/ 
made  up  of  mini;te  veficles,  Ciiltd  the  air-vcirels  of 
the  lunes,  whicli  are  the  tcrirdnacio::s  of  the  wind- 
pipe. 

Thcfe  vefic-es  have  extremely  thin  coats,  and  on 
thefc  coats  are  diilribured  the  minute  ramifications  of 
the  blood-veHcls  which  go  to  the  lungs.  It  has  been 
computed,  from  the  txTreine  minutencfs  of  the  air* 
vi'ikls,  tin:  the  internal  lur!\ice  of  the  lun^s  is  not  lefs 
criter.five  than  the  floor  of  a  moderate  f:zed  fitting 
tooiii,     Thcfe  air-  veficls  communicate  with  each  other 

through 
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through  the  whole  fubi^nce  of  each  lung,  fo  that  by 
inflating  one  lobule  the  air  pafles  into  the  reft.  The 
lUfes  of  the  lungs  are  of  the  moft  important  nature^ 
and  will  be  confidered  in  a  feparace  chapter  on  the 
fubjeft  of  refpiration* 

The  thymus,  the  iituation  of  which  has  been  juft 
mentioned,  is  foft,  and  of  a  fpongy  texture.  '  It  is  very 
large  in  the  foetus,  and  is  filled  with  a  white  thid  li- 
quor ;  in  adults  it  is  hard,  fmall,  and  gradually  decays. 
It  is  not  difcovered  to  have  any  excretory  duA^  and 
its  yfe  is  unknown* 
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THE   HEART. 

n»  ?tncardium.—Tbi  Hiort.^Tbt  Vemtricles  imd  AuricUsj^Thtir 
TJ/es, ''General  Fiew  of  the  Blood'Veffels. 

THE  heart  is  a  hollow  mufcle^  included  in  a 
membranous  bag,  called  the  pericardium. 

This  membrane  inclofes  not  only  the  heart,  but 
die  great  veffels  which  arifc  from  it.'  This  covering 
of  the  heart  confifts  of  three  laminae;  the  external  of 
thefe  is  formed  by  a  duplicature  of  the  mediaftinum. 
The  middle  lamina,  which  is  the  thickeft  and  ftrongeft, 
is  compofed  of  very  fine  tendinous  fibres,  which  at 
the  lower  part  are  connected  and  mixed  with  thoie  of 
the  diaphragm.  The  internal  lamina  feems  to  be  a 
continuation  of  the  outer  coat  of  the  heart  and  great 
veflels.  Within  the  pericardium  is  found  a  quantity 
of  tranfparent  liquor,  which  facilitates  the  motions  of 
the  heart,  by  preventing  fridlion. 

The  heart  is  placed  in  man  almofl:  tranfverfely, 
and  refts  on  the  diaphragm  at  the  anterior  part  of  the 
thorax.  The  bafe  or  broad  part  of  rhe  heart  is  di- 
refted  towards  the  right  fide,  its  point  or  apex  towards 
the  left,  and  this  latter  is  fo  placed,  as  when  the  heart 
beats  to  ftrike  the  fixth  rib.  The  upper  furfacc  of 
the  heart  is  convex ;  the  lower,  which  refts  on  the 
diaphragm,  is  flat.  The  greater  part  of  the  heart  lies 
in  the  left  cavity  of  the  thorax. 

The  fubftance  of  the  heart  is  mufcular,  and  is 
compofed  of  fibres,  which,  arifing  from  the  bafe,  where 
it  is  tendinous,  take  a  winding  courfc  towards  its  apex 
In  various  directions. 

The 
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Xhc  principal  part  of  the  mufcular  fubftancc  of  the 
heart  forms  tv/o  cavities  called  the  ventricles.  The 
pofterior  or  left  ventricle  of  thelc  is  niuch  thicker, 
ftronger,  longer,  and  rounder  than  the  other;  the  an- 
terior or  right  ventricle  is  wider,  ihorter,  and  thinner*. 
The  feptum,  or  that  portion  of  mufcular  fubftancc 
which  is  placed  between  the  ventricles,  feems  chicS/ 
to  belong  to  the  former,  and  gives  the  latter  an  ap- 
pearance of  being  merely  an  appendage. 

At  the  bafe  of  the  heart  are  two  cavities,  which 
are  each  of  them  divided  by  anatonnifts  into  two 
parts,  the  finus  and  the  auricle ;  but  as  thefc  together 
form  one  cavity,  it  will  anfwer  beft  the  purpofe  of 
perfpicuity  to  fpeak  of  them  fimply  by  the  name  of 
auricles.  The  auricles  are  compofed  of  two  mem- 
branes, with  fome  mufcular  fibres.  Like  the  vcn- 
tricles,  they  are  feparated  from  each  other  by  a  feptum, 
and  one  of  them  obtains  the  appellation  of  the  an- 
terior or  right  auricle,  the  other  that  of  the  pofterior 
or  left.  Each  of  them  communicates  with  the  ven- 
tricle which  is  placed  next  it,  and  which  bears  die 
fame  name. 

Between  the  auricles  and  ventricles  of  the  heart  arc 
placed  valves,  as  alfo  at  the  mouths  of  the  great 
artcrrics,  which  prevent  the  blood  from  paifingin  any 
<;rher  than  the  proper  dircdion. 

The  valves,  which  are  placed  between  each  of  the 
auricles  and  ventricles,  are  turned  inwards  towards  the 
hrtcr  cavities.  The  valves,  fitu.;rcd  at  the  entrance 
of  t!ie  anterior  ventricle,  have  thije  remarkable  points, 

•  The  terms  anterior  ard  fM^d'jtior  auric' js  and  ventricles  of  the 
hcArt  arc  uTcd  as  dtfjiir)iive  of  th?  f^tiiatioii  of  them  in  man.  IjJ 
c|uauru[M'd.s,  the  anterior  auiiclc  and  ventricle,  or  thofe  which 
pcribrm  t'.sc  Umc  purpolc,   arc  placed  towardb  ihe  right  fide,  and 

t.ic  }M>ilcilor  towards  the  left. 

and 


Chap.  23.;]  Vahes.  CL39 

and -are  therefore  called  valvute  tricufpides;  thofc  of 
the  pofterior  ventricle  terminate  in  two  points,  and 
itxn  being  compared  to  a  micre,  are  called  valvular 
micrales.  In  each  of  the  great  arteries,  which  pro- 
ceed from  the  ventricles,  the  aorta  and  pulmonary 
artery^  are  fcatcd  three  valves  turned  from  the  ven- 
tricles, and  are  called  femilunares.  All  thefe  valves 
arc  elongations  of  the  internal  membrane  of  the 
part  to  which  they  belong.  They  are  clofely  con- 
nefted  on  that  fide  from  which  the  current  of  blood 
proceeds,  and  their  other  extremity  is  loofe.  When 
the  blood,  therefore,  proceeds  in  its  proper  courfe, 
tfacy  are  'preffed  clofe  to  the  fide  of  the  veflTel,  and 
occafion  no  impediment ;  but  when  it  is  about  to  re- 
turn in  the  contrary  diredion,  they  are  raifed  from  the 
fide  of  the  vefiel,  and  meeting  in  the  middle  of  its 
cavity,  (hut  up  the  channel.  The  internal  furface  of 
the  ventricles  is  extremely  uneven,  from  a  number  of 
flcfhy  columns  which  rife  from  its  infide,  and  fome  of 
which  terminate  by  tendinous  extremities  in  the  valves 
of  the  heart,  which  they  fupport,  and  enable  to  per- 
'  form  their  office  more  effeftually. 

Befides  the  connexion,  however,  between  the  au- 
ricles and  ventricles  of  the  hear:,  each  auricle  com- 
municates with  a  large  vein,  ani  each  ventricle  v*  irh 
a  large  artery.  The  ufc  of  the  auricle  is  to  receive 
the  blood  from  the  vein,  and  to  ciiicharse  it  into  the 
cavity  of  the  ventricle.  The  ventricle  receives  the 
blood  from  the  auricle,  and  drives  i:  forciblv  ir.ro  the 
artery.  By  a  repetition  of  thole  aclicr.s  is  pL-rformed 
the  circulation  of  the  blood,  v/hich  is  the  fubject  of 
another  chapter,  in  which  I  fliall  tiake  occr^Hon  to 
mention  feme  remarl^itble  v.irinies  in  the  hearts  of 
diftrcnt  races  of  animals, 

Tiie 
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The  veffeJs  of  the  human  body  are  either  blood- 
vcflels  or  lymphatics. 

The  blood- veffels  are  membranous  tubcs^  which 
convey  the  blood  to  and  from  the  various  parts  of  the 
body.  They  are  divided  into  arteries  and  veins.  The 
arteries  pulfate,  and  convey  the  blood  from  the  heart; 
the  veins  return  it  towards  the  heart,  and  do  not 
'  pulfate  *.  The  large  trunks,  both  of  the  arteries  and 
veins,  are  near  the  heart ;  at  a  diftance  from  it  they 
are  divided  into  numerous  fmall  branches  in  a  manner 
very  fimilar  to  that  in  which  the  trunk  of  a  tree  is 
loft  in  its  branches  and  twigs. 

The  arteries  are  formed  by  the  following  tunics. 
The  firft  is  derived  from  the  cavity,  through  which 
the  artery  paffes ;  in  the  thorax,  from  the  pleura ; 
in  the  abdomen,  from  the  peritoneum,  &q.  The 
fecond  is  a  loofe  covering  of  cellular  fubftance,  which 
contains  fmaller  veffels,  for  the  nourishment  'of  that 
on  which  they  run,  and  which  in  the  large  arteries 
often  contains  a  confiderable  quantity. of  fat.  The 
third  is  mufcular,  and  is  compoftd  of  feveral  fmall 
arches  of  mufcular  fibres,  many  of  which  go  to  the 
formation  of  a  circle.  Within  this  is  a  thin  cellular 
coat,  which  adheres  clofely  to  the  former j  and  laftly, 
there  is  a  firm,  fmooth,  and  whitifh  coat,  with  which 
the  circulating  mafs  of  fluids  is  in  contaft. 

The  ftrufture  of  the  veins  is  the  fathe  as  that  of 
the  arteries,  but  more  delicate.  The  mufcular  coat 
is  in  them  fo  thin,  or  of  fo  pale  a  colour,  as  not  to 
admit  of  demonfl:ration  in  man,  but  is  plainly  fecn  in 
a  veffel  called  the  vena  portarum  of  the  ox.     That 

•  As  a  pulfe  is  only  to  be  perceived  in  the  arteries,  this  circtim- 
ilance  will  enable  the  mcfl  unfkilful  to  difUnguifh  th^  nature  of 
any  blood-veffel, 

veinsj 
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yeins,  however,  have  mufcular  coats  in  all  animals^  is 

inferred  from  their  contraAile  power* 

.  The  venous  fyftem  is  far  more  capacious  than  the 

arterious. 

Arteries  are  commonly  faid  to  diminifh  in  fize,  as 
they  recede  firom  the  heart ;  but  this  is  not  the  real  ftate 
of  the  cafe.  As  long  as  an  artery  continues  undi vidcd^ 
its  diameter  remains  the  fame ;  and  when  it  does  di- 
▼idej  th(^area  of  the  veflfels  formed  by  this  divifion  is 
always  greater  than  the  area  of  the  artery  from  which 
they  are  produced ;  fo  that  the  artery  may  in  truth  be 
ikid  to  be  increafed.  This  rule  holds  equally  with 
relpeA  to  the  divifion  of  the  great  trunks  of  arteries, 
and  the  fub-divifions  of  their  branches.  The  trunks 
alio  of  veins  are  always  fmaller  than  the  fum  of  the 
finaller-veins  from  which  they  are  formed. 

The  larger  trunks  of  blood- veflels  are  feparate  tubes, 
but  their  branches  form  various  communications  with 
each  other,  and  thefe  communications  increafe  as  the 
¥ci9els  become  more  minute,  fo  as  at  length  to  form  a 
web  of  veflck  in  the  parts  on  which  they  are  diftributcd. 
The  advantages  of  this  ftru6kure  are  very  obvious,  as 
by  a  communication  of  veflels  each  part  may  receive 
blood  from  many  fources,  and  no  part  therefore  fufFers 
by  the  divifion  of  the  blood-veffel  which  more  parti- 
cularly belongs  to  it;  its  advantages  are  like  thofe  of 
commerce  among  mankind,  by  which  the  efFefts  of 
partial  loflfes  are  guarded  againft  by  a  mutual  exchange 
of  conveniencics. 

The  branches  of  arteries  are  in  general  fent  off  at 
much  more  acute  angles  than  thofe  of  the  veins,  by 
which  the  paflage  of  the  blood  through  the  arteries  is 
the  lefs  impeded. 

The  arteries  have  in  general  a  correfponding  vein 
placed  near  them ;  but  to  this  rule  there  are  feveral 

Vol.  IJJ.  R  cxcep- 
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exceptions^  which  will  be  more  particularly  noticed  in 
Jpeaking  of  the  yenous  fyftem.  The  trunks  of  the 
vein^i  and  almpft  all  the  arteriesj  are  deeply  ieatec^s 
but  the  fmallcr  veins  are  every  where  thickly  diftri^ 
buted  on  die  furfs^ce  of  the  body^  immediately  below 
the  (kin.  By  this  ftrufture  a  ps^age  is  provided  for 
^e  blood  on  the  fur&ce  of  the  body,  where  the  in- 
ternal veins  are  fo  comprefied  by  the  a&ion  of  muicleti 
as  not  eafily  to  tranfmit  their  contents.  The-  extern^ 
find  internal  veins  communicate  very  freely^ 
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GENERAL  DlSTklBUTION  OF  THE  ARTERIES. 

fe  dmmm  'ffht  mwMij  Arttrj.'^Tbi  tatwiid  mmd  Jmkhnimk 
Arttriu^'^Tht  imienojt^  Arttriu,^^Bm€bid  Arttriit^F'^Rlk 
jirtiry.^-Me/titteric  Arterie»,/~^Kaud  Arteries j-^Lnmiar 
. — Iliac    Af-tiriis^'^rurd    Arttfy^^Pufyttnaty  Jbiety^ 


FR  O  M  the  poftcridTi  inferior^  or  left 
of  the  heart  proceeds  the  principal  artery  of  tht 
body,  called  the  aoru.  Immediately  on  leaving  the 
heart  it  fends  off  two  fmall  arteries,  caDed  the  coro^ 
jiary,  which  are  diftributed  on  the  heart  itfelf.  The 
aorta  now  rifes  three  or  four  inches  abote  die  hean^  ' 
when  it  is  turned  backwards  and  towards  the  left  fid4, 
Ibrming  an  arch  over  the  left  divifion  of  the  windpipe. 
From  the  Convex  fide  of  its  atchy  the  aorta  fends  off 
three  large  arteries,  which  gf>  to  the  head  and  arm% 
The  firft  of  thefe  is  equal  to  the  <wo  other  in  fize^t 
and  foon  divides  into  two  branches  ^  of  theie  one  is 
the  right  carotid  artery,  which  is  dtftribnted  on  the 
right  fide  of  the  head ;  the  other  is  the  right  iiibcla- 
vian,  which  proceeds  to  the  right  arm.  The  arteries 
which  belong  to  the  left  fide  of  the  head  and  left  arm 
arife  feparately  fit>m  the  aorta,  and  are  the  t^o  other 
branches  which  were  mentioned  as  being  fent  off  from 
its  arch. 

Upon  meafuring  the  fides  of  the  vefiiels,  the  foffiKre 
of  the  united  trunk  of  the  right  fubclavian  and  carotid 
is  lefs  than  that  of  the  left  fubclavian  and  carotid,  which 
arilc  feparately ;  if  fo,  the  refiftance  to  the  blood  muft 
be  lefs  in  that  common  trunk  than  in  the  left  fub- 
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davian  and  carotid.  The  refiftance  being  fnnaller)  the 
impetus  and  velocity  of  the  blood  muft  be  Icfs  afFeded ; 
and  as  the  ftrength  of  the  nnufcles  is  as  the  quantity  of 
blood  fent  into  them  in  a  given  time,  thofe  of  the  right 
arm  will  be  ftronger  than  thofe  of  the  left.  This  there- 
fore accounts  in  fome  meafure  for  the  preference  which . 
is  generally  ^ven  to  the  right  arm,  though  it  muft  be 
acknowledged  that  it  is  difficult,  from  this  reafoning» 
to  account  for  the  preference  which  fome  children  give 
to  the  left.  The  right  fubclavian  and  carotid  ibnne- 
times  arife  feparately  like  the  left,  but  it  has  not  been 
afcertained  that  this  exception  to  the  ufual  ftrufture 
happens  more  frequently  in  left  than  in  right  handed 
perfons.  In  quadrupeds  we  obferve  fomething  of 
the  fame  preference  of  the  right  Umbs,  and  attended 
:with  the  fame  diftribution  of  the  arteries.  In  birds, 
which  muft  be  nicely  balanced,  the  arteries  of  both 
fides  come  off  alike. 

The  two  carotid  arteries  proceed  upwards  on  each 
fide  of  the.  windpipe,  behind  the  fterno-cleidomaftoi- 
deus  mufcle,  and  the  platifma  myoides,  as  high  as  the 
Jarynx,  without  a  divifion.  About  this  part  the  carotid 
artery  is  divided  into  two  others,  called  external  and 
internal  carotid  arteries.  The  external  carotid  fupplies 
the  parts  about  the  larynx,  the  face,  the  external  parts 
of  the  head  and  the  dura  mater.  The  other  divifion 
of  the  carotid  is  diftributed  almoft  entirely  on  the  brain, 
and  is  therefore  called  the  internal  carotid  artery.  It 
firft  proceeds  to  the  lower  orifice  of  the  great  canal  of 
the  pars  petrofum  of  the  temporal  bone.  After  being 
contorted  according  to  the  courfe  of  this  paflage,  it 
at  length  enters  the  cavity  of  the  cranium,  at  the  fide 
of  the  fella  turcica.  As  it  leaves  the  bony  canal,  it 
fends  ofl^  an  artery,  which  fupplies  the  contents  of  the 
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orbit,  and  which  communicates  with  twigs  of  the  ex- 
ternal carotid  about  the  face. 

The  internal  carotid  afterwards  runs  under  the  bafe 
of  die  brain  at  each  fide  of  the  mfundibulum,  where 
it  is  at  a  fmall  diftance  from  the  carodd  artery  of  the 
odier  fide.  At  this  part  it  concunonly  divides  into  two 
branches,  one  of  which  pafles  towards  the  anterior, 
the  other  towards  the  pofterior  part  of  the  brainj^ 
where  it  communicates  with  the  vertebral  artery  of  the . 
lame  fide.  The  arteries  of  the  brain  are  inclofcd  ia 
the  folds  of  the  pia  mater,  and  are  not  diftributed  on 
the  fubftance  of  the  brain  itfelf,  till  after  having  under* 
gone  a  minute  divifion. 

The  fubclavian  arteries  are  fo  called,  bccaufe  they 
pais  under  or  behind  the  clavicles.  Each  fubclavian 
artery  fendsofifa  conQderable  one  to  the  internal  parts 
of  the  head.  They  proceed  from  the  upper  and  pol^ 
terior  pare  of  the  fubclavian,  and  obtain  the  denomina- 
tion of  the  vertebral  arteries,  becaufe  they  pals  through 
openings  in  the  tranfverfe  proceflfes  of  the  vertebrae  of 
the  neck.  Having  reached  the  great  foramen  of  the 
OS  occipitis,  they  enter  the  cranium,  and  pierce  the 
dura  mater.  The  two  vertebral  arteries,  after  they 
have  entered  the  cranium,  gradually  advance  towards 
each  other,  and  at  length  unite,  forming  the  artcria 
bafilaris. 

The  fubclavian  artery  alfo  fends  off  twigs  to 
the  mediaftinum,  thymus,  trachea,  and  pericardium. 
It  alfo  fends  off  two  branches  of  a  larger  fize,  called 
the  mammaria  interna,  and  cervicalis,  befides  the  ver-- 
tebralis,  which  has  been  already  defcribed. 

The  fubclavian  artery,  wh^  it  leaves  the  thorax^ 
iounediately  above  the  firft  rib,  changes  its  name  to 
that  of  the  arteria  axillaris,  becaufe  its  pafies  under  the 
#zilla.      In  this  courfe  it   gives  off  four  principal 
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branches,  the  thoracica  iupcrior,  mamtnaria  externa^ 
thoracica  humeralis,  and  axillaris  fcapuhris,  which  are 
^iftributed  on  the  parts  from  which  they  derive  their 
temes.  The  arteria  axillaris,  where  it  pafies  behind 
the  tendon  of  the  peftoralis  major,  again  changes  its 
aame  to  that  of  the  arteria  brachialis.  Between  the 
9xiUa  and  the  middle  of  the  arm,  the  artery  is  only  co- 
Vered  by  the  common  integuments ;  below  this  it 
pafles  under  the  biceps  mufcle,  and  runs  obliquely 
|QFwar<]s  as  it  defcends.  In  its  courfe,  it  continues  to 
ieed  off  branches  to  the  adjoining  part$.  A  little  moro 
than  a  finger's  breadth  below  the  bend  of  the  arm,  the 
arteria  brachialis  divides  into  two  branches,  called  the 
eulpiitalis  and  radialis,  the  former  of  which  lies  next 
^e  ulna,  the  Utter  next  the  radius. 

Thft  aiorta>  having  completed  its  arch,  is  dircAed 
downwards,  being  fituated  towards  the  left  fide  of  the 
ipiine.  Below  the  fburth  vertebra  of  the  back,  it  ch* 
l^ias  (ho  name  of  the  defcending  aorta,  which,  be* 
|wt^  thU  P^rt  and  the  diaphragm,  fends  off  the.  ibl- 
Rowing  branches : 

Th«  inferior  intercoftal  arteries  are  generaUy  fevcD 
or  eight  on  each  fide.  1  hey  arifc  in  pairs  along  the 
poft.erior  pari  ef  th^  aort-aj,  and  run  tranfverfely  towards 
«ach  fide  on  the  bodies  of  the  vertebrae,  Tl^y  after- 
wards pafs  in  the  bony  ridge  at  the  inferior  edge  of  the 
ribs,  aimoft  as  &r  as  the  fternum,  beiQg  diftributed  in 
their  courfe  on  the  intercoftal  mufcks. 

The  bronchial  arteries  are  two  or  three  in  number* 
whicl\  fometimes  arife  from  the  aorta^  fometimes  arc 
branches  of  the  fuperior  intercoftal,  or  of  the  arteries  of 
the  o^fophagus.  They  eacer  with  the  divifions  of  the 
bronchia  into  the  fubftance  of  the  lungs,  on  which  they 
are  dillributed* 

The  arteries  of  the  cefophagus  arc  generally  twf 
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or  three  in  number.  They  arifc  from  the  anterior  part 
of  the  aorta^  and  are  diftributed  on  the  oefophagus. 

One  or  more  arteries  are  alfo  fent  to  the  diaphragm^ 
md  diftributed  on  its  lower  fur&ce. 

Below  the  diaphragm,  the  defcending  aorta  lends  oflf 

The  coeliac  artery,  which  arifes  from  the  anterior  part 
of  the  aorta  by  a  fhort  trunk,  which  divides  into  three 
principal  branches ;  one  runs  upwards,  and  is  called 
the  coronary  artery  of  the  ftomach,  and  is  chieflf 
diftributed  on  that  oi^an ;  another  runs  towards  the 
right,  and  having  fent  ofF  one  or  two  branches  to 
the  ftomach  and  duodenum,  joins  the  vena  portae^  en- 
ters the  fiflure  of  the  liver,  and  is  diftributed  through 
10  fubftance ;  the  third  is  direded  to  the  left,  under 
the  ftomach  and  pancreas,  to  thefpleen.  In  its  pro^ 
grefs  it  diftributes  fmall  branches  to  the  ftomach,  pan- 
creasj  and  omentum. 

At  a  ftiort  diftance  below  die  coeliac^  the  fuperi<»r 
melenceric  artery  proceeds  from  the  anterior  part  of 
the  aorta.  Near  its  origin  it  fends  off  a  fmall  branchy 
which  carries  blood  to  the  large  extremity  of  the  pan- 
creas, and  the  neighbouring  part  of  the  duodenum. 
Being  included  between  the  lamina  of  the  mefentery, 
it  forms  a  kind  of  arch,  which  defcends  obliquely 
from  left  to  right,  and  from  which  about  ftxteen  or 
feventecn  branches  are  fent  off,  moft  of  which  are  fpcnt 
on  the  fmall  inteftines.  As  thefe  branches  approach 
towards  the  inteftines,  and  are  more  minutely  divided^ 
they  inofculate  and  communicate  very  freely  with  each 
other,  fo  as  at  length  to  furround  the  inteftines  like  net 
wprk.  From  the  concave  fide  of  the  arch  proceed  fc- 
vcral  branches,  one  of  which  is  of  great  length,  and 
makes  a  remarkable  communication  with  the  inferior 
mefenteric  artery.  From  the  numerous  communications 
among  the  arteries  of  the  inteftines,  we  may  obferve  how 
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y  thefc  parts  are  provided  with  a  fupply  of 

next  arteries,  which  are  fcnt  off  from  the  aortii 

;  ,two  cmulgenc  or  renal.  Thtfy  arifc  one  oo 
le,  and  proceed  almoft  horizontally  to  the  kid- 
As  the  aorta  litrs  towatds  ihe  left  fide  of  «he 
hf  right  renal  artery  is  longer  than  tlic  left, 
verle  is  the  cafe  with  the  veins,  as  the  vena  cava 
:d  on  the  right  fide  of  the  fpine. 
^e  the  renal  arteries  arife  two  arteries,  which 
he  glandulas  fuprarerules,  and  which  alfo  fend 
:s  into  the  adipoft  membrane  wliich  furrounds 
neys. 

w  the  renai  arteries  arife  the  two  fpermaric  «■- 
I'hich  are  very  fmall.     They  arc  placed  b^ind  I 
coneum.on  the  pfoas  miifclcs. 
lower  mefenteric  artery  arifcs  from  the  anterior 
the  aorta,  below  the  fpermatic.    It  is  foon  di- 
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Near  the  laft  lumbar  vertebra,  the  a6rta  is  divided 
into  two  equal  trunks,  called  the  common  iliac  arteries. 
otic  of  which  lies  to  the  right  the  other  to  the  left,  and 
which  recede  from  each  other  as  they  dcfcend.  About 
dirce  fingers  breadth  from  their  origin,  each  iliac  trunk 
is  divided  into  two  fecondary  arteries.  One  of  thele, 
which  is  called,  from  the  parts  on  which  it  is  dtflribuced, 
die  hypogaftric,  or  interna)  iliac  artery,  is  gradually 
bent  forwards,  and  terminates  like  a  ligamentous  cord 
at  the  navel.  The  other  artery  is  called  the  external 
iliac,  and  pafTes  under  the  ligament  of  Fallopius,  in  iu 
way  to  the  lower  extremity,  on  which  it  is  diftributed. 
From  the  convex  fide  of  the  curvature  of  the  hypo- 
gaftric  artery  are  fent  ofFfeveral  confidcrable  branches, 
which  may  be  diftinguilhed  by  the  following  names; 
iliaca  minor,  facts  latcrates,  glutxa,  fciatica,  pudica 
communis,  hxmorrhoidalis  media,  obturatrix. 

The  iiiaca  minor  is  a  fmall  artery,  which  is  diftri- 
buted on  the  iliac  mufcics  and  bones.  The  arteriie 
faCFEC  lateraies  are  coinmonly  two  in  number.  They 
are  fcnr  to  the  fore  pare  of  the  os  factum,  and  penetrat- 
ing its  fubftance,  are  ditlriburcd  to  the  nerves  and 
membranes  within.  The  artcria  gluLxa  is  of  very 
,confiderabIc  fizc ;  it  paflcs  out  of  the  pelvis  with  the 
fciatic  nerve,  and  is  diftributed  on  the  two  larger  glu- 
tei mufcles ;  it  alfo  gives  branches  to  fome  other 
neighbouring  mufcles,  and  to  the  parts  about  the  anus. 
The  arteria  fciatica  gives  Ibme  branches  to  tiie  os  facrum 
and  adjoining  mufcles.  It  pafles  obliquely  over  the 
fciatic  nerve,  and  goes  through  the  great  pofterior  finus 
of  the  OS  ileum.  It  afterwards  afcends  on  the  outfidc 
of  the  OS  ileum,  and  is  fpent  on  that  and  the  glutxi 
mulcles.  The  arteria  pudica  communis,  or  pudica 
interna,  divides  into  two  branches  ;  one  of  ihefe  runs 
on  the  infide  of  the  tubercle  of  die  ifchium  to  where  the 
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i  cavcTnofa  take  their  origin  ;  at  this  place  it 
I  into  fcvcral  fmaller  branches,  which  are  diflii- 
on  the  corpora  civernofa,  the  bulb  of  the 
Lfid  the  anus.     The  fccond  principal  braachf 
ii^es  called  the  piidica  external  niu^  betnetn  diet 
r  and  rectum. 
:  himorrhoidiilis  media  proceeds  from  the  pudit*. 
,,  or  fomc  of  the  odier  large  branches  ;    it  gpel 
bwer  part  of  ihc  rcflum,  and  fends  t\vig&  to  tfac 
r^  vedculx  feminalcs^  and  prolUcc  gland.     The 
obtiiratrix  perforates  the  obnirator  mufclcs, 
ibutcd  to  the  neighbouring  mulcles. 
:  hypogaftric,  or  internal  iliac  artery,  having  fenc 
tlitfc  branches  to  the  parts  about  the  pe)vU>  af>   ' 
on  the  fide  of  the  bladder  towards  the  navel, 
it  meets  its  fellow  of  the  oppofitc  fide.     Thcfe 
s,  near  the  navel,  are  in  the  aduU  contraflcd  irKO« 
pcarance  of  a  ligament,  and  Arc  quite  clofrd  \  bh 
— ..~     I.*.,...,—    .u —  ™ ; — -: <  ii.JB 
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glands;&c.  and  communicates  with  the  pudica  interna; 
another  goes  to  the  pe£bineus  mufde  i  and  the  third,  to 
the  upper  part  of  the  fartorius. 

Afterwards  the  trunk  of  the  artery  defccnds  to  the 
head  of  the  os  femoris.  About  three  fingers  breadth 
from  the  ligament  of  Fajlopius,  it  fends  out  three  con<- 
fiderable  branches.  The  external  branch,  called  the 
circumflexa  externa,  is  diftributed  to  the  mufclesof  the 
thigh,  (ituated  before  and  at  the  outfide.  The  middle 
branch,  named  the  profunda,  runs  down  on  the  infide 
of  the  thigh  between  the  triceps  mufcles.  The  intemd 
branchy  called  the  circumflexa  interna,  runs  backwards 
towards  the  great  trochanter,  and  fupplies  the  mufclea 
ieaeed  at  the  pofterior  part  of  the  os  femoris,  and  fends 
a  branch  into  the  fubflance  of  the  bone  itfelf. 

After  having  fent  offthefc  branches,  the  crural  artery, 
covered  by  the  fartorius  mufcle,  proceeds  down  to  th« 
bottom  of  the  thigh,  and  paffes  through  the  tendon  of 
the  adduftor  magnus,  a  little  above  the  internal  con- 
dyle of  the  os  femoris ;  afterwards,  continuing  its  courfe 
through  the  hollow  of  the  ham,  it  is  called  the  arteria 
poplitca. 

While  in  the  ham  it  fends  off  branches,  which  afcend 
to  communicate  with  thofe  of  the  crural  artery. 
Branches  are  alfo  fent  to  the  joint.  When  it  has  reached 
the  back  part  of  the  head  of  the  tibia,  it  gives  off  two 
branches,  one  to  each  fide.  As  die  poplitea  ends,  it 
divides  into  two  principal  branches ;  one  of  which  runs 
between  the  heads  of  the  tibia  and  fibula,  paffing  from 
behind  forwards  on  the  interoflfeous  ligament,  where  it 
takes  the  name  of  arteria  tibialis  anterior ;  the  fecond 
branch  divides  into  two  others,  the  hrgcr  called  arteria 
tibialis  pofterior,  the  other  arteria  peronea  pofl:erior. 

From  the  anterior,  fuperior,  or  right  ventricle  of  the 
heart  proceeds  an  artery  (the  puhnonary)  nearly  equal 

to 
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orta,  but  tlic  coats  of  which  arc  lefs  rofalift.  la 
laving  run  upwards  almoft  ns  high  as  [he  aorta, 
:d  into  two  parts,  one  of  which  paflcs  under  tJic 
the  right  lung,  while  the  other  proceeds  to  the 
hcfc  arteries  enter  the  lungs  with  the  bronchia, 
divifions  and  fub-divifions  of  both  arc  difW- 
igether  tlirough  their  fubftance.  The  ultimate 
tions  of  the  pulmonary  artery  are  fpread  out  on 
fcffcls,  through  which  the  blood  undergoes  rfiat 
from  the  air  which  it  is  the  purpolc  of  rcfpini- 
effed. 

es  receiving  arteries  in  common  with  other  parts 
ody,  we  find  that  the  lungs  continually  receive 
urn  the  fame  quantity  of  blood  as  palles 
all  the  other  parts  of  the  body  ;  from  which  we 
ra  fomc  idea  of  their  extreme  vafculariry. 

epiatc  annexed  (XII.)  die  arteries  are  repre- 
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C.  The  pituitary  gland  between  the  contorted 
trunks  of 
14.14.  The  carotid  arteries. 
P.D.  The  ophthalniic  arteries. 

15.  Contorfions  of  the  vertebrals. 

16.  The  vertebral  arteries,  where  they  lie  on  the 

medulla  oblongata. 

18.18.  Ramifications  of  the  arteries  within  the  fkulL 
E.E,  The  arteries  of  the  cerebellum. 

19.19.  Arteries  of  the  larynx,  &c. 

ao.20.  Arteries  which  convey  blood  to  the  mufcles  of 

the  neck  and  fcapula. 
a  1.2 1.  Mammary  arteries. 
22.2  2,  Arteries  of  the  oiufcles  of  the  03  humeri, 

&c. 

43.24.  Divifions  of  the  arteries  of  the  arm* 

25.25.  A  bt^nch  of  an  artery  not  found  in  all  fub^ 

jefts. 

26.  External  artery  of  the  cubitus. 

27.  Arteries  of  the  hands  and  fingers. 
28.28.  Divifion  of  the  aorta. 

29.  Bronchial  artery. 

31.  Intercoftal  arteries. 

32.  Coeliac  artery. 
2Z^  Hepatic  arteries. 

34.  Arteria  cyftica,  on  the  gall-bladder. 

35.  Lower  coronary  artery  of  the  ftoqpch. 

36.  Pyloric  artery. 

37.  Epiploic  artery. 

38.  Ramifications  of  the  coronary  artery,  which 

embrace  the  bottom  of  the  ftomach. 

39.  The  upper  coronary  artery  of  the  ftomach. 
40.40.  Phrenic  arteries. 

41*  Splenic  artery. 

43.  Upper  mefcntcric  artery. 

44,  Superior 
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C'  H  A  P.     XXV. 

GENERAL.  DISTRIBUTION  OF  THE  VEINS. 

Pulmonary  Veins j-^Vena  Cava.'^Fiins  of  tbi  Heads^^Jugular 
Subcla^vian^-^Fiins  of  tb$  Supifior  Extremity, '■^Fena  Ascygoi,'--m 
Feins  of  the  Lo^juer  Extremitiesj-^Courfe  of  the  Blood  through  iin 
abdominal  Fifcera,  the  Li'ver^  Wr. 

IN  dcfcribing  the  arteries  we  followed  the  courfc  of 
the  blood,  and  beginning  with  th'e  largeft  trunks, 
traced  the  feveral  branches  in  the  order  in  which  they 
were  fent  off.  In  pointing  out  the  courfe  of  the  veins, 
however,  and  ftill  following  the  courfe  of  their  contents, 
the  order  of  the  defcription  will  neeefTarily  be  reverfed, 
as  it  is  neceffary,  in  this  cafe,  to  begin  with  the  rami- 
fications, and  trace  them  into  the  trunks. 

The  veins  of  the  body  may  be  divided  into  two 
claffes ;  thofe  which  return  the  blood  conveyed  by  the 
pulmonary  artery,  and  thofe  which  return  that  of  the 
aorta. 

It  has  been  already  remarked,  that,  befide§  the  blood 
which  the  lungs  receive  in  common  with  other  parts 
of  the  body,  they  alfo  receive  all  that  is  tranfmitted  by 
the  pulmonary  artery.  This,  after  being  diftributed 
through  the  fubftance  of  the  lungs,  is  returned  by 
veins,  which  at  length  unite  into  four  trunks,  and 
'  paffing  through  the  pericardium,  are  inferred  into  the 
pofterior  auricle  of  the  heart. 

The  blood,  which  is  fent  to  the  various  parts  of  the 
body  by  the  aorta  is  ultimately  received  and  returned 
by  two  large  trunks,  the  vena  cava  fuperior  and  infe- 
rior, which  enter  the  anterior  auricle  of  the  heart.     I 


Vans  of  the Juperiar  Extremity,     [Book  IX. 
.■  prjce.'d  CO  cn\imerate,  in  a  curfory  manner^ 
inches  by  which  thefe  trunks  are  fiipplied. 
rearing  of  chc  brain,  I  Ihall  endeavour  to  dcfcribe 
[uilv  the  triant^ulur  canals,  called  finufes,  fituatrf 
l-Uira  nutcT,  ami    which  perform  the  ofEce  of 
I  Th<:  vL-n  '.  c:iva  fu^^erior  is  formed  in  the  foUow- 
The  blood,  which  is  fenc  to  the  inter- 
Irts  of  chf  held,  after  palling  through  other  veins 
liufes  is  received  by  the  two  lateral  finufes ;  theft 
late  in   thf  internal  jugular  veins,  which  corrc- 
Iwith  the  inttrnal  carotid  artery,  and  terminate  ia 
iclavian  vtin.     The  external  jugular  vein,  which 
londs  with  the  external  carotid  artery,  receives 
iod  from  the  external  parts  of  the  head,  and  alfo 
I.1ICS  in  the  fubclavian  vein.     This  vein  alfo  re- 
he   co.itfnts  of  the  vertebral  vein,  which  cor- 
I'ith  the  arte ry  of  the  fame  name. 
L'in5  of  the  fiiperiur   extremities  run   in  two 
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The  vena  axillaris,  which  correfponds  with  the  artery 
of  the  fame  name^  is  formed  by  all  the  veins  of  the 
fuperior  extremity.  Above  the  axilla  it  receives 
branches  from  all  the  mufcles  fituated  about  the  fcapula^ 
and  the  upper  part  of  the  thorax.  Where  it  paffes  be- 
tweien  the  clavicle  and  firft  rib,  it  changes  its  name  from 
that  of  the  axillary  vein  to  that  of  the  fubclavian.  The 
fubclavian  veins,  receive  the  contents  of  the  jugular 
and  vertebral  veins  which  come  from  the  head,  and 
alfb  other  branches  from  adjoining  parts.  The  left 
fubclavian  vein  alfo  receives  a  particular  vein,  called 
the  incercoftalis  fuperior,  which  proceeds  from  the 
upper  intercoftal  mufcles  of  that  fide.  The  left  fub- 
clavian vein  alfo  receives  the  contents  of  the  thoracic 
duft,  which  is  defcribed  in  another  place. 

The  two  fubclavian  veins  are  diredted  towards  each 
other,  and  uniting  in  the  upper  part  of  the  thorax,  ra- 
ther towards  the  right  fide,  conftitute  the  vena  cava 
fuperior.  Into  the  upper  part  of  the  vena  cava  open& 
a  vein  of  confiderable  fize,  called  the  vena  azygos,  or 
the  vein  without  a  fellow.  This  arifes  from  the  lower 
and  internal  part  of  the  thorax,  and  foon  paflfcs  over  to 
the  right  part  of  the  fpine.  As  it  afcends  along  the 
right  fide  of  the  thorax,  it  receives  the  inferior  inter- 
coftal veins  of  that  fide,  and  higher  up  a  trunk  com- 
mon to  two  or  three  veins,  which  alfo  come  from  the 
intercoftals.  At  the  top  of  the  thorax  it  is  bent  for- 
wards over  the  right  lung,  and  opens  into  the  vena  cava 
a  little  above  the  pericardium.  The  vena  cava  now 
perforates  the  pericardium,  and  defcends  to  the  anterior 
or  right  auricle  of  the  heart. 

The  veins  of  the  lower  extremities,  which  terminate 
in  the  Vena  cava  inferior,  are 

The  vena  faphena  major,  which  begins  on  the  infide 
ijf  the  foot,  at  the  great  toe,  and  runs  to  the  inner  ankle  j 

Vol.  III.  S  her^ 
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-loiicfd.    The  courfe  of  this  blood,  however,  dc- 

particuhr  attention. 

e  veins  of  the  reilum  form  the  beginning  of  a 
all^d  vena  nieferaica  minor,  or  vena  hxmorrhoi- 
intrrni.     This  afterwards  unites  with  a  branch 
the  left  pare  of  tiic  arch  of  the  colon,  andopcDS 
gth  into  the  vena  fplcnica. 

,c  vcn;i  fplenica  returns  the  blood  from  the  fpleen, 
1  its  paifjgL*  alfo  receives  branches  from  the  fto- 
,  pancreas,    and    omenrum,  and  alfo   the  vena 
aica  minor  laCt  defcribed. 

i-  vena  meftraica  major  returns  the  blood  of 
ot'  the  branches  of  the  arteria  nnefenterica  fupc- 

which   are  diltiibuted  on  the  fmail   inteftincs 
Ight  portiun    of  the    colon.     It    alfo    receives 
:na  ca:c^lis  from  the  beginning  of  the  colon,  the 
1  CL.lici,    partly    from   \W   llomach  and    partly 
the  colon,   and  fbme   oth(-T   branches    from  the 

'X^' 
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uniting  into  two  or  three  principal  trunks^  called  venss 
hepatica?,  pour  their  contents  into  the  vena  cava.  The 
vena  cava  afcendcns,  having  received  thefe  veins,  per-2^ 
forates  the  diaphragm  and  pericardium,  and  meeting 
with  the  fuperior  cava,  they  empty  thcmfelves  together 
into  the  anterior  auricle. 

The  veins  are  reprefcntcd  in  plate  XIII.  though  not 
fo  perfedbly  as  I  could  haye  wiflicd. 

aa.  Vena  cava. 

b.  Defcending  trunk  of  the  cava. 
c.c.  Afcending  trunk  of  the  cava. 
dJ.  Subclavian  veins. 

e.  Vena  azygos. 

/.  Intercoftal  veins. ' 

g.  Mammary  veins. 
ui.  Internal  jugulars. 
/./.  External  jugulars. 
tn.  Right  axillary  vein. 

n.  Cephalic  vein. 

0.  Bafilic. 
q.  Phrenic. 

S.S.  Emulgents. 
si\w.  Iliac  branches. 
X.  Internal  iliacs. 

1.  Vena  facra. 

2.  Spermatic  vein$. 

3.  Epigaftric. 
4»  Saphena, 
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Chap.    XXVL 

structure  and  course  of  the 

lymphatics. 

•     Two  Kinds  of  LjmpbaticsjrrrDe/criptioH  of  thtfi  Vtffth.^Ljmphiatc 
GUmds. — Ladeals. ^Thoracic  Dua.-^RcceptacU  oftheCbyUi  ^e. 

LYMPHATICS  are  fmall  pellucid  vcffcls, 
which  convey  fluids  perfcdkly,  or  very  nearly, 
colourlcfs.  i  he  lymphatics  are  of  two  kinds;  thofc 
which  take  up  fluids  from  the  body  in  general^  and 
thofc  which  receive  the  digefted  aliment  from  the  in- 
teftines.  The  latter  kind  are  called  la£teals,  and  both 
of  them  teiminate  in  a  common  trunk,  the  thoracic 
duft. 

The  lymphatics  have  at  leaft  two  coats,  which 
are  thin  and  tranfparciit,  but  tol^rrably  ftrong.  They 
have  alio  nerves  and  muicukr  fibres,  as  may  be  col- 
lected from  tiici;  fcrifibility  when,  inflamed,  and  from 
tlicir  power  of  c^nw^dflion.  They  are  furniftied  with 
valves,  which  are  placed  in  pairs,  and  which  are  fo 
numerous,  that  three  or  four  of  them  often  occur 
within  the  diftance  of  one  inch;  From  this  circum- 
Ilance  they  are  frequently  called  valvular  lymphatic 
vcffels,  to  diftinguifti  tlicm  trom  the  minute  ramifica- 
tions of  the  fanguiferous  fyftem,  which  alfo  convey 
a  colourlefs  fluid. 

Lymphatics  begin  by  extremely  minute  tubes  from 
the  whole  furface  of  the  bo3y,  from  the  cellular  fub- 
ftance,  from  the  cavities  of  the  body,  from  all  the 
glands,  from  all  the  vifcera,  and  in  general  from  every 
part  of  the  fyfl:em. 

It 
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It  is  now  well  afcertaincd,  that  not  only  water  U 
abforbed  by  the  lynaphacics  on  the  furface  of  the 
_  body,  but  many  other  fubftanccs.  No  lymphatics 
-have  been  dcmonftrated  in  the  brain  $  but  from  a 
variety  of  circuitiftances  there  can  be  very  little  doubt 
"of  their  exiftence. 

All  the  lymphatics  of  the  body  pafs  through  cer- 
tain glands,  which  are  connefted  with  them.  When 
the  lymphatics  approach  thefc  glands,  they  fend  fome 
branches  to  neighbouring  lymphatics  j  other  branches 
pafs  over  the  furface  of  the  glands,  and  others  enter 
'their  fubftance^  in  which  they  are  fo  minutely  divided 
"as  to  efcape  obfervation.  A  great 'number  of  thefe 
.  glands  are  placed  at  the  upper  part  of  the  thigh,  be- 
longing to  the  lymphatics  of  the  lower  extremity; 
others  are  placed  under  the  arm,  belonging  to  thofe 
of  the  ppper ;  and  there  are  fimilar  glands  about  the 
neck,  and  in  various  other  parts  of  the  body.  It  is 
at  prefent  difputed  among  anatomiftis,  whether  lym- 
phatic glands  are  formed  of  cells  or  convoluted  veflels; 
but  the  latter  opinion  fcems  to  be  more  probable. 
Lymphatic  or  conglobate  glands  are  of  various  fizes, 
from  that  of  a  fmall  pea  to  that  of  a  bean.  They 
.  are  commonly  fomevvhat  flattened.  In  young  fubr- 
Jefts  they  are  found  of  a  reddifh  or  brown  colour, 
but  they  become  whiter  in  theprogrefs  of  life.  Their 
furface  is  (hining,  which  is  owing  to  a  fmooth  denfe 
coat  with  which  they  are  covered.  Thefe  glands  arc 
faid  to  be  wanting  in  fome  animals,  which  yet  have 
Jymphatic  veflels. 

The  lafteals  are  fo  called  from  a  degree  of  white- 

nefs  in  their  appearance  lijce  that  of  milkj  which  they 

'receive  from  the  colour  of  the    fluid  they  convey. 

They  arife  from  the  yillcJlis  coat  both  of  the  great 

and  fmall  inteftin^,'  but  principally  from  the  fmall^ 

S  4  particula 
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irlv    tlie   Jejunum ;    patrmg   in   their    courfe 
conglabc-te  glands,  they  advance  bcnvccnthe 
of  the  mcfi-nrery  towards  the  fecond  or  third 
VLTtebra,  where  diey  meet  with   the  lympha- 
he  lower  extremities. 

Kefc  Ibme  are    fiiperficial,  and  others  deeply 
The  former  chiefiy  lie  at  the  Infide  of  the 
i  thigh,  and    follow  the  courfe  of  the  venx 
major,     in  the  groin  they  pafs  througlilym- 
^bnds.     Being  joined  by  the  lymphatics  of  the 
larc  of  the  abdomen,  they  pafs  under  llie  liga- 
if  FiiUopius.     The  lymphatics  of  the   lower 
tics  and^elvis,  and  the  lafteals  from  the  in- 
,    form  the  beginning  of  the   thoracic  dud. 
■cficl  alfo  receives  the  lymph  from  the  other 
inal  vifcLT.!. 

■ 
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Befides  the  thoracic  duft,  which  receives  the  lymph 
from  the  lower  extremities  and  the  left  fide,  and  die 
chyle  from  the  inteftines,  there  is  another  veflcl  fome- 
what  fimilar,  but  much  ihorter,  on  the  right  fide* 
This  receives  the  lymphatics  fi-om  the  right  arm,  the 
right  lung,  and  the  rightfide  of  the  head,  and  enters 
the  right  fubclavian  vein  at  the  fame  place  where  the 
thoracic  du6l  enters  the  left. 
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Chap.    XXVII. 

OF    THE    B  R  A  r  N,    .fcc. 

I 

rhe  Dura  Mattr,^^The   Palx.^m-^imu/es  of  the  Braitt.^^ne  Pi€ 
Mater. '^'Tbe    Cerebrum   and  Cerebellum.^^ Seurcf  rf  the  OftU 
Nerves.^^Tlt   Pineal  ClanJ.^-^Tbe  fuppofed  Seat  of  the  SeuL^f^ 
The   Medulla   Oilcn^ata •'^Source   of   the   Ner^ues.^r-T'hi    SfegaS 
Marro'M. 

TH  E  cavity  of  the  cranium  is  every  way  fur^ 
rounded  with  ftrong  bones,  which  have  bcer^ 
already  defcribed.     Within  thcfe,  before  we  arrive  ar 
the  fubftance  of  the  brain,  we  meet  with  two  mem- 
branes, called  by  the  antients  the  dura  and  pia  mater, 
from  an  opinion  that  they  were  the  fource  of  the  other 
membranes  of  the  body.     The  fame  names  are  ftill 
applied  to  them  by  the  moderns,  though,  as  in  many 
other  cafes,  the  opinion  which  gave  rife  to  them  is 
exploded. 

The  dura  mater  is  a  thick,  firm,  infcnfible  mem- 
brane, extremely  full  of  blood  vefi'els.     Its  external 
furface  performs  the  part  of  a  periofteum  to  the  in- 
ternal part  of  the  (kull,  to  which  it  adheres  by  nume- 
rous blood- vcflels,  particularly  at  the  futures,  wher 
they  j)afs  through  the  cranium  to  communicate  wif 
thofe  of  the   external  periofteum.     Its   internal  fu 
face  is  moiftened  by  the  exhalation  of  a  thin    flu 
which  prevents   its  adhefion  to  the  membrane  withi 

The  dura  macer  forms  fcveral  projections,  wl 
ferve  very  important  purpofes.     One  of  rhefe,  f 
its  refemblancc  to  the  blade  of  a  fcythe,  is  callec 
falx.     Its  narrow  eft  end  is  attached  to  the  criftj 
8 
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of  the  ethmoid  bone ;  it  runs  backwards  along  the 
courfe  of  the  fagittal  future,  to  where  it  meets  widi 
the  lambdoidal.  A  little  below  the  lambdoidal  future 
it  -divides  into  two  wings,  forming  a  traniVerfe  feptum^ 
which  is  firmly  attached  behind  to  the  ps  occipitis. 
The  ufe  of  the  falx  is  to  divide  the  brain  into  its  two 
faemifpheres,  and  to  fupport  them,  and  prevent  their 
prefliDg  on  each  other  when  the  head  is  turned  to  either 
lide.  The  tranfverfc  feptum  divides  the  great  brun 
or  cerebrum  from  the  fmaller  brain  or  cerebellum, 
the  former  being  placed  above  it,  the  latter  below. 
It  alio  fupports  the  cerebrum,  and  prevents  it  from 
gravitating  on  the  cerebellum  when  the  body  is  in  the 
•reft  pofture*  The  conneftion  between  the  tranfverfc 
Icptum  and  the  falx  is  fuch,  that  they  preferve  each 
pther  in  a  ftate  of  tenfion,  for  if  either  of  them  is  cut 
after  the  contents  of  the  cranium  are  removed,  the 
other  immediately  becomes  relaxed  and  flaccid.  Below 
Ac  tranlyerfe  feptom  is  fituated  a  fmaller  falx,  which 
ferves  tlje  fame  purpofes  in  the  cerebellum  as  the  great 
&lz  does  in  the  cerebrum.  In  the  tranfverfc  feptum 
is  a  great  oval  notch,  through  which  the  fubftance  of 
the  cerebrum  and  cerebellum  communicate  and  arc 
kitimately  mixed. 

Both  the  n}enr>branes  of  the  brain  pafs  out  of  the 
erantum  with  the  trunks  of  nerves,  and  afford  them 
coverings,  till  they  terminate  in  their  fenticnt  extre- 
mides. 

The  blood  which  is  circulated  through  the  bram  is 
not  returned  through  fuch  veins  as  are  found  in  other 
pans  of  the  body;  We  here  obferve  a  peculiar  kind 
ofeanals  called  finufes,  which  are  contained  in  the  du- 
plicatures  of  the  dura  mater.  The  mod  remarkable 
of  thefc  is  the  longitydinal,  which  runs  in  the  upper 
part  of  the  falx  s  at  the  tranfverfc  feptum  this  divides 

into 
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into  two  others,  called  lateral  finufcSf  which,  palling 
through  the  bafc  of  the  cranium,  terminate  in  the  ju« 
gular  veins.  Near  the  concourfe  of  the  fuperior  and 
lateral  finufes,  we  obfcrve  an  opejiing,  which  is  the  ori'- 
fice  of  a  finus,  fituated  along  the  union  of  the  fab;  and 
tranfverfc  feptum. 

Thefe  finufes  are  triangular  veins,  which,  being  con* 
veyed  through  fo  firm  a  membrane  as  the  dura  mater, 
are  much  lefs  liable  to  be  ruptured  or  diftended  i  thefe 
accidents  are  flill  further  guarded  againft  by  certain 
filaments,  which  pafs  from  one  fide  of  the  finufes  to 
the  other,  and  give  flill  further  fecurity  againft  the  bad 
effcfts  which  are  found  to  arife  from  the  prefTqre  of  the 
brain.  The  veins,  which  pour  their  blood  into  the 
finufes,  enter  them  in  fuch  a  manner  as  to  produce  the 
cfFed  of  a  valve,  and  to  prevent  die  blood  from  rc- 
turn'uig  into  the  tender  v^fTels  of  the  brain,  s^nd  thus 
over-diftending  them. 

Befides  the  finufes  above-mentioned  there  are  others 
of  a  fmaller  fize,  which  anfwer  the  fame  important  pur-» 
pofcs.  All  thefe  communicate  with  each  other  anrf 
with  the  great  lateral  finufes,  and  therefore  difcharge 
their  blood  into  the  internal  jugular  veins. 

The  cavernous  or  lateral  finufes  of  tlie  os  fphenoides 
are  rcfervoirs  of  a  particular  kind,  containing  confider- 
able  veficls  and  nerves  i  and  likewife  a  cavernous  and 
fpongy  fliufture,  which  for  fome  unknown  purpofe  is 
conftandy  filled  with  blood. 

The  pia  mater  is  a  much  fofter  and  thinner  mem- 
brane than  the  former ;  it  is  connefted  to  the  dura 
mater  only  by  the  veins  which  open  into  the  finufes. 
The  pia  mater  confifl:s  of  two  laminae  5  the -^  external 
of  thefe,  from  its  extreme  thinnefs,  has  been  compared 
to  the  fpider's  web,  and  is  named  tunica  arachnoidea  ^ 
^t  the  upper  part  of  the  brain'  it  is  conne<Sed  both  tQ 

the 
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the  dura  mater  and  the  intf  rnal  latn?na  of  the  pia  ma- 
ter, by  means  of  blood- veflels,  but  in  other  parts  it  is 
quite  fcparate  from  both.  It  is  fpread  uniformly  over 
the  fur^e  of  the  brain,  inclofing  aU  the  convolutions, 
but  not  entering  between  any  of  them. 

On  the  contrarv,  the  internal  and  mofl  confiderable 
lamina  of  the  pia  outer  is  not  only  infinuated  into  the 
numerous  folds  and  circumvolutions  of  the  brain,  but 
is  continued  into  its  cavities,  performing  the  important 
office  of  conveying  the  blood -veflels  to  that  delicate  or- 
gan in  fuch  a  minute  (late  of  divifion,  that  their  pulia- 
tion cannot  be  prejudicial  t j  its  functions. 

The  brain  completely  fills  the  cavity  of  the  cranium, 
tod  its  form  therefore  correfponds  with  it ;  it  is  con- 
vex above,  irregular  below,  and  flat  at  the  fides.  Un- 
der the  general  name  of  brain,  or  encephalon,  are  in- 
cluded the  cerebrum,  which  occupies  the  upper  and 
hi^eft  portion  of  the  cranium,  and  the  cerebellum, 
which  is  ieated  in  its  lower  and  poilerior  parr,  under 
die  tranfverfe  feptum.  The  cerebrum  is  divided  longi- 
tudinally at  its  upper  part,  by- the  falx,  into  its  t^'O  hc- 
mifpheres.  The  irregular  furface  of  the  cranium  be- 
low divides  each  hemifphere  into  three  lobes.  The 
anterior  lobe  is  lodged  on  the  orbital  procefTes  of  the 
OS  frontis ;  the  middle  lobe  lies  in  the  middle  foffe  of 
the  bafis  of  the  cranium ;  the  pofterior  refb  on  the 
tranfverfe  feptum  over  the  cerebellum.  The  cere- 
bellum is  itfclf  divided  into  two  hemifpheres  by  the 
fmall  falx. 

The  component  matter  of  the  brain  is  of  two  kinds; 
a  greyifh  matter,  which  ia  for  the  moft  part  placed, 
without,  and  is  therefore  called  the  cortical,  and  a  white 
ipatter  called  the  medullary,  which  is  generally  fituated 
within*.  The  cortical  part  chiefly  accompanies  the 
convolutions  of  the  brain  ;  the  medullary  is  entire,  an4 
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ieems  to  be  Compofed  of  numerous  white,  minute^ 
parallel^  and  very  tender  fibres. 

Having  removed  the  falx  from  between  the  tiemi- 
fphercs  of  the  brain,  and  drawn  them  gently  from  each 
other,  we  obferve  below  a  white  convex  furface>  which 
ispart  of  what  is  called  the  corpus  callofum.  It  is  a 
middle  portion  of  the  medullary  fubftance,  which,  un- 
der the  inferior  edge  of  the  falx,  and  for  Ibme  diftance 
on  each  fide,  is  parted  from  the  mafs  of  the  cerebrum 
by  a  fold  of  the  pia  mater.  Along  the  middle  of 
the  furfacc  of  the  corpus  callofum,  a  kind  of  fu-* 
ture  is  formed  by  a  particular  intertexturc  of  fibres 
croffing  each  other.  Immediately  under  thcfc  is  placed 
the  feptum  bcidum,  which  is  connected  below  to  the 
fornix,  and  divides  the  anterior  ventricles  of  the  brain 
fi*om  each  other.  Thefc  ventricles  are  difcovered  by 
making  an  horizontal  incifion  in  the  brain,  on  a  level 
with  the  corpus  callofum.  When  wc  have  trut  bta 
them,  we  find  that  they  are  narrow  canals,  which  take 
a  very  winding  courfc  through  the  fubftance  of  the 
brain.  They  are  lined  with  the  pia  mater,  and  con- 
tain a  curious  coUeftion  of  minute  blood  veflcls  twilled 
about  each  other,  and  called  plexus  choroides.  One 
of  the  anterior  ventricles  is  fituated  in  each  hemilpherc 
of  the  brain,  and  they  are  divided  from  each  other  by 
the  feptum  lucidum. 

The  feptum  lucidum  is  united  by  its  lower  part  to 
the  antei'ior  portion  of  that  medullary  body  called  the 
fornix,  which  forms  a  kind  of  arch,  fituated  under  the 
corpus  callofum,  and  is  nearly  of  a  triangular  fhape. 
At  the  anterior  part  the  fornix  fends  off  a  double 
medullary  cord,  called  its  anterior  crura ;  imhnediately 
below  which  we  obferve  a  large  white  medulliiry  rope 
ftretched  tranlVerfely  between  the  two  hemifphercs, 
and  commonly  called  the  anterior  commifiure  of  the 

cerebrum. 
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ccftrbrum.  To  thisibbftance  the  feptum  lncidum  is 
conaedled.  At  the  poftcrior  part  of  the  fbtnbc  arc  two 
other  crura,  which  unite  with  two  medullary  protu- 
berances called  pedes  hippccannpi.  Under  the  fornix, 
and  immediately  behind  its  anterior  crura^  there  is  a 
hole  by  which  the  two  anterior  ventricles  communicate^ 
In  examining  the  fubftance  of  the  cerebrum^  the  deeper 
we  go  towards  the  bails  of  the  craniumj  we  find  that  tbt 
medullary  part  becomes  the  broader. 

The  plexus  choroides  i&  a  very  fine  vafcular  texture^ 
confuting  of  a  great  number  of  arterial  and  venal  ra- 
mifications, fpread  over  the  lateral  or  anterior  ventri- 
cles.. When  we  have  removed  this  plexus,  we  dilcovcr 
fcveral  protuberances  included  in  thefe  cavities.  Thefe 
are  the  corpora  flriata,  the  thalami  nervorum  opdco-* 
rum,  and  the  nates  and  tefles. 

The  corpora  (Iriata  are  two  curved  oblong  eminences^ 
which  extend  along  the  anterior  part  of  the  lateral  ven-« 
triclcs.  Tkey  are  called  ftriara  or  ftriped,  becaufc  ia 
cutdiig  them  we  nr^et  with  a  number  of  white  and 
a(h  coloured  lines  alternately  difpofcd.  Thefe  two 
eminences  are  of  a  grcyidi  colour  on  die  furface,  and 
larger  before  than  behind,  where  they  are  narrow  and 
bent.  They  may  be  confidercd  as  forming  the  convex 
bafes  of  the  ventricles. 

The  thalami  nervorum  opticorum  are  externally 
white^  but  alfo  contain  both  cortical  and  medullary 
lubftance,  and  derive  their  name  from  being  the  chief 
Iburce  of  the  optic  nerves.  They  are  two  eminences 
placed  near  each  other,  bet\veen  die  pofterior  portions 
or  extremities  of  the  corpora  (lr;a:a.  They  are  clofcly 
unitedi  and  at  their  convex  part  form  one  body.  Im- 
mediately under  the  union  of  the  thalami  nervorum 
opticorum  lies  a  cavity  called  the  third  ventricle  of  the 
cerebrum.     This  cavity  communicates  at  its  upper  and 
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fcre  part^irh  the  pailage  between  the  two  lateral  ven« 
tricles,  ,and  fends  down  from  its  under  and  fore  part  a 
paflage  through  the  infundibulum  ;  it  has  a  communi- 
cation backwards  with  the  fourth  ventricle. 

The  infundibulum  is  a  fmall  medullary  canal^  fituated 
between  the  bafe  of  the  anterior  pillar  of  the  fornix, 
and  the  anterior  part  of  the  union  of  the  thalami  ner« 
vorum  opticorum.  It  runs  downwards,  and  terminates 
by  a  fmall  membranous  canal  in  a  foftifh  body,  fituated 
in  the  fella  turcica  of  the  fphenoidal  bone,  and  called 
glandula  pituitaria.  This  fubflance  was  fb  named  by 
the  ancients,  from  its  fuppofed  office  of  cleanfing  the 
brain  from  ferous  fluids.  Its  real  ufe  is  wholly 
unknown.  In  ruminant  animals  it  is  much  larger  than 
in  man* 

The  nates  and  tefles,  or  as  they  are  othcrwife  deno- 
minated, tubercula  quad/igemina,  are  four  tubercles, 
fituated  behind  the  union  of  the  thalami  nervorum 
opticorum,  adhering  to  each  other.  They  are  ex- 
ternally white,  and  their  internal  fubftance  is  greyifli. 
Between  the  two  anterior  tubercles  and  the  convex 
part  of  the  thalami  nervorum  opticorum  is  an  interflice 
called  foramen  commune  pofterius.  This,  however, 
is  clofcd  by  the  pia  mater,  and  does  not  open  into  any 
cavity. 

Above  the  tubercula  quadrigcmlna,  and  behind  the 
thalami  nervorum  opticorum,  is  fixed  the  pineal  gland. 
This  body  is  of  an  oval  form,  abcjt  the  fize  of  a  pea, 
and  is  connefted  to  the  lower  part  of  the  thalami  by 
two  very  white  medullary  pedunculi.  It  feems  to  be 
moftly  formed  of  cortical  fubftance,  particularly  at  its 
upper  part,  and  adheres  clofely  to  the  plexus  choroides, 
with  which  it  is  covered.  This  fmall  body  has  been 
rendered  famous  by  Defcartes,  who  fuppofed  it  to  be 
the  feat  of  die  foul.    It  is  often  found,  on  being  cut 

inco> 
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mo,  to  contain  a  gravelly  fubilance,  which  refifts  the 
cnifc.  Below  the  pineal  gland  there  is  a  tranArerfe  me- 
lullary  cord,  called  the  pofterior  commiffure  of  the 
lemifpheres  of  the  cranium. 

The  cc  -cbellum  is  (ituated  undef  the  tranfverfe  fep- 
um,  in  the  pofterior  and  lower  part  of  the  cranium. 
Like  the  cerebrum  it  is  compofed  of  cineririous  and 
nedullary  matter.  It  difF<*rs  from  the  cerebrum,  how- 
rvcr,  in  having  no  circumvolutions  on  its  furface  -,  in- 
Head  of  thele,  we  here  obfcrve  numerous  furrows  njn- 
ning  parallel  to  each  other,  and  nearly  in  a  tranfverfe 
lireftion,  into  which  enter  folds  of  the  pia  mater. 
Under  the  tranfverfe  feptum  it  is  covered  by  a  vafcular 
texture  which  communicates  with  ihe  plexus  choroides. 
[t  has  four  eminences  which  are  turned  in  different  di- 
reftions,  and  which  from  feme  refcmblance  to  the  rings 
af  an  canh-worm  are  named  appendices  vermifbrmes. 
The  cerebellum  is  divided  into  two  lateral  parts  by 
the  fmall  falx  i  on  the  back  part  it  is  divided  into 
two  lobes  fcparated  by  the  occipital  feptum  of  the  dura 
marer. 

By  cutting  deeply  into  the  fubftance  of  the  cerebel- 
lum in  the  direftion  of  it:^  falx,  we  obferve  an  oblong 
cavity  which  is  called  the  fourth  ventricle ;  this  termi- 
nates backwards  like  th^  point  of  a  writing-pen,  and 
this  end  of  it  has  therefore  been  called  calamus  fcrip- 
corius.  At  the  be;^innin;y  of  this  cavitv  we  meet 
with  a  thin  medullary  lamina  which  has  been  conlidered 
as  a  valve.  This  ventricle  is  lined  like  the  others  with 
the  pia  mater,  which  is  continued  through  all  tlicfe 
cavities. 

The  fubftance  of  the  cerebellum  appears  very  dif- 
ferent, according  to  the  direftion  in  which  it  is  cut. 
By  dividing  it  vertically  we  find  the  medullary  part 
dilpofed  fo  as  to  exhibit  the  appearance  of  a  tree. 

Vol.  III.  T  Thcfe 
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Thefe  ramifications  unite  to  form  a  medullary  trunk; 
the  middle,  anterior,  and  moft  confiderable  part  of 
which  forms  two  procefles,  the  Crura  cercbelli,  which 
uniting  with  the  crura  cerebri  conftitute  the  medulla 
oblongata,  which  will  be.  next  defcribcd  i  when  the 
cerebellum  is  cut  horizontally  this  appearance  isenditlj 
loft. 

The  medulla  oblongata  is  fituated  in  the  lower  and 
pofterior  part  of  the  cranium,  and  is  formed  of  two 
confiderable  medullary  procefles  of  the  cerebellum,  and 
of  the  two  larger  procefles  of  the  cerebrum  called  their 
crura.  It  may  therefore  be  confidered  as  a  medullary 
mafs  common  to  both  cerebrum  and  cerebellum,  by 
the  reciprocal  continuity  of  their  fubftances '  through 
the  great  notch  in  tlie  tranfverfc  feptum.  The  mc- 
diiihi  oblongata  can  only  be  feen  when  removed  from 
t!ie  cranium,  and  the  defcription  can  only  apply  to  the 
pjrts  when  viewed  in  their  inverted  fituation. 

The  crura  cerebri  arife  from  the  middle  and  lower 
part  of  each  hemirj)here.  Where  they  arife  from  the 
i:f  rcbrum  they  are  fcparate,  but  converge  as  they  tun 
ba(:kwards  fo  as  to  rcfemble  the  letter  V.  Where  they 
unite  they  form  a  middle  tranfverfe  protuberance  called 
the  pons  Varolii,  becaufc  that  anatomift  compared  it 
to  a  bridge,  and  the  two  crura  cerebri  to  two  rivers. 
This  comparifon,  however,  conveys  no  idea  of  the  real 
appearance  of  the  parts,  and  the  pons  Varolii  is  to  be 
confidered  merely  as  an  eminence  formed  by  the  union 
of  the  crura  of  the  cerebrum  and  cerebellum. 

Between  the  crura  cerebri  and  near  the  anterior  edge 
of  the  pons  Varolii  are  two  white  eminences,  named 
cniinenti^  mamillares.  From  the  pofterior  part  of 
the  pons  Varolii  the  medulla  oblongata  is  contra6bed» 
and  defcends  obliquely  backwards  to  the  foramen 
magnum  of  the  os  occipicis,  where  it  terminates  in  the 
a  mcdulh 
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nocdulla  fpinalis.  In  this  part  of  it  feveral  appearances 
ire  to  be  noticed.  We  obfcrvc  four  eminences,  two 
aamed  the  corpora  oliv^ria,  and  the  other  two  the  cor- 
pc«i  pyramidalia.  Immediately  behind  thcfe  we  dif- 
»vcr  the  beginning  of  two  grooves,  one  above  and 
MIC  below.  Thefc  becoming  deeper  divide  the  mc- 
lolla  oblongata  into  two  cylinders.  When  we  fepa- 
ratc  thcfe  with  the  fingers  we  obfcrvc  feveral  medullary 
x>rd5  which  crofs  each  other  in  paffing  from  one  lateral 
KNtton  to  the  other. 

The  corpora  olivaria  and  pyramidalia  are  whitifh 
sninenccs  fituated  longitudinally  near  each  other  \m* 
nrdiacely  behind  the  pons  Varolii.  The  corpora  oli-^ 
raria  are  outermoft  and  are  nearly  of  an  oval  (hape. 
Between  them  are  the  corpora  pyramidalia,  each  of 
vhich  terminates  in  a  point. 

It  is  obfervable,  in  general,  with  refpeA  to  the  emi- 
lences  of  the  medulla  oblongata,  that  thole  which  are 
medullary  without  are  chiefly  cortical  within.  What 
ire  the  diftind  funftions  of  thefc  fubftmces  which  ap^ 
Jcar  fo  different  to  the  eye,  and  what  purpoles  are  an- 
wcred  by  their  intermixture,  are  points  which  muft 
cmain  undetermined  till  we  candifcoverthe  conncftion 
jctwecn  the  mind  and  the  body,  and  enter  into  the 
ecret  mechanifm  of  this  wonderful  engine  of  fcnfation 
ijod  intelleft. 

The  brain  of  birds  is  covered  with  the  common 
nembranes,  but  its  external  furface  is  not  formed  into 
b  many  gyrse  or  convoludons  as  ours.  Its  anterior 
jart  is  quite  folid,  of  a  cineritious  colour,  and  fo  far 

05  a  rcfcmblancc  of  the  corpora  ftriata  as  to  give  rife 
©  the  olfaftory  nerves.     The  whole  of  it  appears  to 

6  imperfedl^  and  we  can  fcarcely  diftinguilh  whether 
here  is  any  thing  analogous  to  a  third  or  fourth  ven- 
rick :  neither  the  corpus  tM^Jum^  fi^rfrix^  nitcs  nor  uftei, 
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can  be  obfcrvcd  here :  which  partis  therefore  cannot 
be  confidered  as  ncccffary  to  the  funftions  of  life ;  wc 
might,  however,  be  led  to  imagine,  that  they  arc  fub- 
fervient  to  the  fuperior  intelleftual  powers  of  the  hu- 
man mind,  did  we  not  find  that  quadrupeds  have  theie 
parts  as  well  as  men.     Thefe  appearances  fcem  rather 
to  depend  on  the  various  difpofition  and  dire£tion  of 
the  fibres  which  compofc  the  brain  ;  and  the  particular 
ufes  which  have  been  alTigned  to  the  different  parts  of 
the  brain  feem  to'  have  no  other  foundation  than  the 
fancy  of  authors,  who  have  indulged  themfelves  in 
fruitlefs  fpcculations,     Thofe  birds  which  fcek  their 
food   below   the  furface  of  water,  mud,   &c.  have 
large  nerves  which  run  quite  to  the  extremity  of  the 
bill,  by  which  the  fcnfation  of  that  part  is  rendered 
more  acute. 

From  the  medulla  oblongata,  which  is  formed  by  the 
union  of  the  cerebrum  and  cerebellum,  arifc  not  only 
the  fpinal  marrow,  but  almoft  all  the  other  nerves 
which  perforate  the  bafe  of  the  cranium. 

The  medulla  fpinalis,  or  fpinal  marrow,  is  a  conti- 
nuation of  the  medulla  oblongata,  which  palTcs  through 
the  great  foramen  of  the  cranium,  and  is  continued 
•town  the  bony  canal  formed  by  the  vertebrae.  The 
figure  of  the  fpinal  marrow  is  comprelTed,  being  flatter 
behind  than  before,  where  we  obferve  a  continuatioa 
of  thofe  grooves  which  divide  the  medulla  oblongata 
into  its  lateral  portions.  In  the  medulla  fpinalis  thefe 
appear  like  two  cords  clofely  applied  to  each  other, 
but  which  may  be  eafily  feparated  both  before  and  be- 
hind till  we  cctoie  to  their  middle,  where  they  arc  joined 
together  by  a  thin  layer  of  cineritious  fubftancc  paffing 
from  one  cord  into  the  other.  The  fpinal  marrow, 
like  the  parts  of  which  it  is  a  continuation,  confifls  of 
medullary  and  cineritious  fubftancc  i  the  former,  how- 
ever, 
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ever,  is  here  placed  without ;  the  cincritious  is  placed 
within,  and  by  a  tranfverfc  fcftion  /)f  the  medulla 
ipinalis  it  appears  to  be  in  the  form  of  a  horfe-ihoe, 
die  convex  (ide  of  which  is  turned  forwards  and  its 
extremities  backward. 

The  fpinal  marrow  is  invefted  both  with  the  dura 
and  pia  mater.  The  former  of  thcfe  in  pafiing  out  of 
the  foramen  of  the  os  occipitis,  forms  a  kind  of  funnel, 
adhering  at  its  upper  part  to  the  ligamentary  fubftance 
which  lines  the  bony  canal  of  the  vertebrae.  Lower 
down  there  is  no  adhefion,  except  where  the  nerves 
pals  through  the  notches  of  the  ipine,  where  the  dura 
mater,  which  inveftsthe  medulla  fpinalis,  fends  out  on 
each  (ide  the  fame  number  of  (heaths  as  there  are  gang* 
lions  and  nervous  trunks. 

The  pia  mater  is  connefted  with  the  dura  mater  by 
means  of  a  thin  tranfparent  fubftance,  which  from  its 
indentations  between  the  fpinal  nerves  has  been  named 
the  ligamentum  denticulatum.  Its  ufe  is  to  fupport 
the  medulla  fpinalis,  that  it  may  not  afFcdl  the  medulla 
oblongata,  or  fpinal  nerves  by  its  weight.  The  lower 
end  of  the  ligamentum  denticulatum  runs  to  the  os 
coccygis  far  below  the  termination  of  the  fpinal  mar- 
row. 

Each  lateral  portion  of  the  medulla  fpinalis  fends 
off,  both  from  the  fore  and  back  parts,  flat  fafciculi  of 
nervous  fibres.  The  anterior  and  pofterior  fafciculi 
are  feparated  frongi  each  other  by  the  ligamentum  den- 
ticulatum i  then  pafTing  outwards  they  proceed  through 
the  dura  mater  by  two  diftinft  openings  very  near  each 
other.  Having  penetrated  the  dura  mater,  the  pof- 
terior bundle  forms  a  ganglion,  from  the  oppofite  end 
of  which  the  trunk  comes  out  aga'ui,  and  is  there  joined 
by  the  anterior  bundle. 

The  membrana  arachnoides  is  here  very  diftinct 
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from  the  intern^  lamina  of  the  pia  mater ;  fo  that  by 
blowing  through  a  hole  made  in  the  arachnoides^  it 
will  (well  from  one  end  to  the  other  like  a  tranfparent 
inteftine. 

Thefpinal  marrow  gives  rife  to  about  thirty  pair  of 
nerves.  Thofc  which  come  out  between  the  vcrtebnc 
of  the  neck  are  thinner  than  the  reft^  and  are  placed 
almoft  tranfverfely  -,  as  we  defcend^  we  find  them  run- 
ning more  and  more  obliquely  downwards^  and  when 
we  arrive  at  the  f^cond  vertebra  of  the  loins,  the  fpinal 
marrow  is  fplit  into  numerous  thread-like  fibres,  and 
from  its  appearance  is  called  cauda  equina,  or  the 
horfe's  taiL  The  nerves  which  arife  from  the  different 
parts  of  the  brain  and  fpinal  marfow  will  be  created  qf 
in  a  feparate  chapter. 
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Chap.    XXVIIl. 

STRUCTURE    AND   GENERAL   DISTRIBUTION  OF 

THE  NERVES. 

Origin  of  tht  Nerves. --^Bxtrenu  fubtilty  of  the  Ner^eus  Fibres. '^^ 
GeugiioMJ. — Pkxus. '. —  Feat  ana*  J  Micro/cefical  Ohfer^vatioms  on 
Her^m.^^Herwes  from  the  Brainj^^Oifa^ory  and  Optic  Nerves, 
ISc^^^Auditeiry  Nerves,  ^c. — Lingual  Nerves,  ^c-^jmpaihetif 
Nerve.'^Nirves  fronK  the  Spinal  Marrow.-^Pbrenic  Kerve.-^ 
D^fal  aisd  Brachial  Nerves,  i^c.-^Lumhar  and  Crural  Nerves, 
tfc^-^ciatic  Nerve. 

NERVES  are  white  cords  diftributed  from 
the  brain  over  the  whole  body ;  they  rife,  as 
was  intimated  in  the  preceding  chapter,  either  irame* 
diately  from  the  brain,  or  mediately  from  it  by  means 
of  the  fpinal  marrow,  which  is  itfelf  a  continuation  of 
the  fibres  of  the  brain,  aiid  might  without  impro- 
priety be  confxdcred  as  the  largcfl  nerve  in  the  body. 
The  nerves,  as  they  pafs  off  from  the  brain  and  fpinal 
marrow  are  invefted,  and  coUefted  into  firm  cords,  by 
the  dura  and  pia  nuter.  The  former,  however,  is  foon 
reflcded  back,  but  the  latter  accompanies  them  through 
all  their  ramifications,  and  is  fuppofed  to  be  only 
thrown  afide  where  they  terminate  in  their  fentient  ex* 
jcremities* 

As  the  medullary  fibres  are  obferved  to  decuflate 
each  other  in  different  parts  of  the  brain,  and  as  inju- 
ries of  one  fide  of  the  head  have  often  btcn  obferved  to 
produce  a  palfy  of  the  oppofite  fide  of  the  body,  it 
has  been  fuppofed  that  all  the  nerves  originate  from  the 
fide  of  the  brain  oppofite  to  that  at  which  they  come 
out.     This  opinion,  however,  is  far  from  being  efta- 
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blifhcd,  becaufe  a  dccuflation  in  fomc  parts  is  by  no 
means  a  proof  that  it  obtains  univerfally  i  and  though 
there  arc  inftances  of  injuries  of  the  head,  which  have 
produced  a  palfy  of  the  oppofite  fide,  there  are  others 
in  which  the  injury  and  palfy  were  both  on  the  fame 
fide. 

Nerves  are  compofed  of  threads  of  the'  fmallnefs  ot 
which  we  have  probably  no  adequate  idea.  To  aflift 
us  in  forming  one,  we  muft  confider  how  uniformly 
nerves  arc  diftributed  to  even  the  moft  minute  fibre  of 
the  body,  and  yet  were  they  all  conjoined,  they  would 
not  make  a  cord  of  an  inch  diameter.  It  is  deduced 
from  aftual  obfervation,  that  each  fibre  in  the  retina  of 
the  eye,  or  expanded  optic  nerve,  cannot  exceed  in 
diameter  the  thirty-two  thoufand  four  hundredth  part 
of  a  hair. 

DiflFcrent  nerves  in  their  courfe  often  meet  together, 
and  form  oblong  reddiih  maflcs,  called  ganglions, 
larger  than  the  nerves  which  form  them,  and  alio  of  a 
firmer  corfiftence.  Within  the  ganglions  the  fibres 
of  the  nerves  fcem  to  be  thoroughly  mixed,  and  to 
approach  more  nearly  to  the  nature  of  medullary  mat- 
ten  By  feme  phyfiologifts  ganglions  are  fuppofed  to 
be  fnriall  brains,  whence  the  nerves  acquire  new  power 
and  enc^rgy.  Others,  obferving  that  the  nerves  which 
fupply  the  mufcles  of  involuntary  mption,  as  thofe  of 
the  he?,rt  and  inteftines,  are  particularly  fupplied  with 
ganglions,  have  confidered  them  as  dcfigned  to  inter- 
cept the  operation  of  the  will.  Their  real  ufc  is  un- 
known tons,  but  from  whatever  caufe  it  may  happen, 
the  nerves  which  proceed  from  a  ganglion  are  rather 
larger  than  the  fum  of  thofe  which  form  it. 

Several  nerves  frequently  meet  together,  and  by  nu- 
merous junctions  produce  an  appearance  fimilar  to  that 
of  net-work;  and  this  is  called  a  plexus. 

Nervous 
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Nervous  cords  have  very  little  elafticity  compared 
with  Ibme  other  parts  of  the  body. 

The  Abbe  Fontana  has  taken  great  pains  to  afcer- 
tain  the  primitive  ftruflure  of  nerves.  On  examining 
a  number  of  nerves  with  microfcopts  of  low  powers, 
lb  as  not  to  magnify  more  than  four  or  five  diameters, 
they  always  appeared  to  be  furrounded  with  white 
fpiral  bands  not  unlike  the  cfFeft  which  would  be  pro- 
duced by  a  ribbon  twided  round  a  cylinder.  The  fpiral 
bands  were  fometimes  perfeftly  regular,  fo  as  to  be  of 
equal  width  along  the  whole  length  of  the  nerve  exa- 
mined, and  to  leave  a  fpace  of  a  Icfs  bright  colour  of 
the  fame  width  between  them ;  at  other  times  they 
were  irregular  and  crofled  each  other  at  uncertdn  dif- 
rances;  this  latter  appearance,  however,  was  found  on 
further  examination  to  proceed  from  the  nerve  fub- 
mitted  to  examination  being  compofed  of  many  others : 
for  where  he  carefully  feparated  a  nerve  from  thofe 
which  adhered  ro  ir,  an  J  examined  it  by  itfelf,  he  al- 
ways found  the  fpiral  bands  regular.  He  faw  thcfc 
appearances  very  plainly  in  nerves  not  larger  than  a 
hair,  with  lenfes  of  very  fmall  power,  and  v/as  there- 
fore perfuaded  that  this  appearance  of  bands  was  not 
an  optical  illufion. 

The  fame  nerve,  however,  which  to  the  naked  eye, 
and  by  a  lens  of  fmall  power  exhibited  this  appearance, 
v/hcn  examined  by  a  microfcope  of  high  powers,  ap- 
peared to  confift  merely  cf  parallel  bi:t  twifting  fibres. 

He  next  removed  the  ceJIuIar  tifTiie  or  (heath  of  a 
nerve,  without  injuring  irs  texture  ;  but  ftill  with  a  mi- 
crofcope of  high  powers  he  could  perceive  nothing  but 
waving  and  twifting  fibres,  and  nothing  but  fpiral  bands 
with  the  naked  eye.  After  applying,  however,  to  thefc 
obfervations  for  two  or  three  days,  he  found,  that  by 
merely  moving  the  reflefting  mirror,  he  fometimes  faw 
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twilling  fibres  and  fometioies  fpiral  bands  with  the 
fame  lens.  He  is  therefore  under  a  neceflity  of  giving 
tip  his  fuppofed  difcovery,  and  of  allowing  that  the 
ipiral  bands  were  merely  an  optical  deception. 

From  his  obfervations  he  can  deduce  no  more  thaa 
that  nerves  are  formed  of  a  great  number  of  tranfpa^ 
rent,  homogeneous,  uniform,  and  very  fimple  cylin-r 
ders.  That  thefe  cylinders  are  formed  by  an  es^tremely 
thin  tunic,  uniformly  filled  by  a  gelatinous  tranfparent 
humour,  which  is  infoluble  in  water  i  each  of  thele 
cylinder$  is  covered  by  an  cs^ternal  fhe^th,  which  i$ 
compofed  of  a  great  number  of  twifting  threa(}$. 
Many  tranlparent  cylinders  conftitute  a  nerve  which 
is  fcarcely  vifible  to  the  naked  eye,  and  many  of  thefe 
form  the  nervous  cords  which  are  feen  in  animals. 

The  Abbe  Fontana  alfo  fubmitced  to  the  micro- 
fcopc  the  medullary  and  corneal  parts  of  the  brains  of 
fcveral  animals.  In  thefe,  however,  the  appearancei 
were  pretty  fimilar,  and  the  fubftanceof  both  appeared 
to  hv.  organic,  vafcular,  tranlparent,  and  twitting,  like 
inteftines. 

The  nerves  proceed  from  the  encephalon  and  fpinal 
marrow.  Ten  pair  are  iifually  enumerated  as  arifing 
from  the  former,  and  thirty  from  the  latter.  I  fhall  firft 
defcribe  the  origin  and  courfe  of  thofe  of  the  encephalon. 
*  Anatomifts  mention  thefe  in  the  order  in  which  they 
prefent  themfelves  when  the  brain  is  lifted  from  the 
cranium ;  thofe  which  come  from  the  anterior  part  of 
the  cerebrum  are  therefore  placed  before  thofe  which 
arife  lower  down  from  the  cerebellum  and  medulla 
oblongit.i. 

The  firft  pair  of  nerves  is  the  olfaftory,  which  pro- 
ceed fi*om  the  corpora  ftriata  j  they  approach  the  cri- 
briform plate  of  the  os  cthmoidcs,  where  they  Iplit  into 
a  great  number  of  filaments,  which  pafs  through  the 

per- 
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'perforations  of  that  bone.  Afterwards  being  joined  by 
a  branch  from  the  fifth  pair,  they  are  fpread  on  the 
incemal  menr.brane  of  the  nofe,  and  conftitute  the  organ 
offmeUing. 

The  fecond  pair  of  nerves  is  the  optic,  which  arc 
continued  from  the  thalami  nervorum  opticorum,  and 
are  of  a  large  fize ;  they  firft  make  a  large  curve  out- 
wards, and  then  nm  obliquely  inwards  and  forwards, 
till  they  unite  at  the  fore  part  of  the  fcUa  turcica;  they 
then  divide,  and  each  runs  to  its  proper  foramen  in  the 
iphenoid  bone.  They  are  accompanied  to  the  eye  by 
the  ocular  artery,  and  are  at  length  expanded  into  the 
tender  and  pulpy  fubftance  of  the  retina,  which  re- 
ceives the  impreflions  of  light.  The  union  of  the  optic 
nerves  has  been  thought  to  explain  fome  phenomena 
of  viQon,  as  our  feeing  obje£b  fingle  with  two  eyes^ 
and  their  uniform  motion.  The  union  of  the  optic 
nerves  generally  appears  ib  confiderable,  that  fome 
anatomifts  have  thought  that  they  dccuflfated  each  other, 
and  went  to  the  eye  on  the  oppofite  fide  of  the  head 
from  that  whence  t!:ey  arofe.  In  many  fifties  the 
optic  nerves  evidently  crofs  each  other,  but  this  docs  not 
fcem  to  be  the  cafe  in  man.  They  are  infcrted  into 
the  eyes,  not  direftly  at  their  poftcrior  part,  but  rather 
towards  that  fide  which  is  placed  next  the  nofe.  Wc 
are  unable  to  fee  with  that  part  of  the  retina  where  the 
optic  nerve  enters. 

The  third  pair  called  motores  oculi  arifes  from  the 
crura  cerebri,  near  thc^  pons  Varolii ;  they  run  along  the 
fide  of  the  fella  turcica,  and  pafs  out  at  :hc  foramina 
lacera,  after  which  each  of  them  divides  into  branches  ; 
oneofchefe,  after  forming  a  ganglion,  is  diftributed 
to  the  globe  of  the  eye  ;  the  OLr.ers  are  fent  to  the  muf- 
Ciilus  rectus  of  the  palpebra,  and  to  the  attollens,  ad- 

duclor. 


aS4  Nerves  of  tbe  Teeth.  {Book  IX. 

duftor,  deprimcns,  and  obliquus  minor  mufclcs  of  the 
dye- ball. 

The  fourth  pair  of  nerves  called  pathetici,  arc  the 
fmallcfl:  of  all ;  they  arifc  from  near  the  tubercula  qiia- 
drigeminaj  they  pafs  out  at  the  foramina  lacera,  and 
are  entirely  fpent  on  the  nnifculi  trochleares  or  fupc- 
rior  oblique  mufclcs  of  the  eye-balls.  .    - 

The  fifrh  pair  is  the  largeft  of  thofe  which  proceed 
from  the  head;  they  rife  from  the  crura  ccrcbclli, 
where  they  join  with  thofe  of  the  cerebrum,  to  form 
ihe  tranfverfe  protuberance  or  pons  Varolii.  In  their 
progrefs  they  appear  thicker  at  the  (ides*  of  the  fella 
turcica,  where  each  forms  a  diftinft  ganglion,  from 
which  proceed ,  three  branches,  which  pafs  out  of  the 
cranium. 

The  firft  branch  of  the  fifth  pair  is  the  opthalmic; 
it  paflcs  out  of  the  foramen  laccrum,  and  is  in  its 
paffage  connefted  with  the  fixth  pair;  it  afterwards 
communicates  with  the  firft  and  third  pairs,  and  is 
chiefly  fpent  on  the  orbit  and  the  appendages  of  the 
eye.  One  branch  paffes  through  the  foramen  fu- 
ptTciliare  of  the  os  frontis,  to  be  diftributed  on  the 
forehead. 

The  fecond  branch  of  the  fifth  pair  is  chiefly  fpent 
on  the  parts  of  the  upper  jaw,  and  is  therefore  called 
maxillaris  fuperior  ;  it  is  diftributed  on  the  upper  jaw 
bone  and  its  teeth,  on  the  fore  part  of  the  palate,  the 
cheeks,  upper  lips,  and  noftrils.  This  branch  com- 
municates with  the  fixth  pair  of  nerves,  and  with  the 
portio  dura  of  t!ie  fevcntli  pair. 

The  third  en  J  moft  confiderable  branch  of  the  fifth 
pair  is  the  maxillaris  inferior;  part  of  this  is  loft  in 
the  tongue ;  another  part  goes  to  the  teeth  of  the 
lower  jaw_,  to  each  of  which  it  femis  a  feparate  twig; 

it 
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it  is  partly  alio  diftributed  on  the  mufcles  of  the  lower 
jaw. 

-The  fixch  p^r  of  nerves  is  fmall,  and  is  chiefly 
diftributed  on  the  abduftor  mufcle  of  the  eye  j  it 
ariles  from  the  fore  part  of  the  corppra  pyramidalia, 
and  in  its  progrefs  towards  the  foiamen  lacerum 
pafTe^  through  the  receptacula  at  the  fides  of  the 
fella  turcica,  where  it  is  immerfed  in  blood,  but  for 
what  purpofe  is  unknown.  In  the  paiTagc  of  this 
nerve  below  the  dura  mater,  it  lies  very  contiguous  to 
the  carotid  artery,  and  at  this  part  a  twig  from  it 
defcends  with  the  artery  to  form  the  beginning  of  the 
intercoftal  nerve. 

The  feventh  pair  comes  out  from  the  lateral  part 
of  the  tranfverlc  protuberance,  and  appears  to  be 
double,  each  being  accompanied  with  a  larger  artery 
than  moft  other  nerves ;  it  then  enters  tlie  internal 
meatus  auditorius,  where  it  feparates  into  two  diftinft 
portions ;  one  of  thefe  goes  to  the  internal  parts  of 
the  car,  and  is  there  expended  in  producing  a  pulpy 
membrane  refembling  the  r<rtina  ;  this  divifion  of  the 
jierve  is  called  the  porrio  mollis  ;  the  other,  the  portio 
dura,  communicates  with  the  fifrh  pair,  and  piercing 
through  ihe  parotid  gland  is  divided  in:o  numerous 
ramifications,  which  are  fpenc  on  die  upper  part  of  the 
neck  and  fide  of  the  head. 

The  eighth  pair  of  nerves,  which  from  the  length 
of  its  courfe  and  the  variety  of  parrs  to  which  it  is 
diftributed  is  called  par  vagum,  ariles  from  the  lateral 
bafis  of  the  corpora  olivaria  in  fcparatc  fibres.  The 
eighth  pair  is  foon  joined  by  the  ncrvus  acccflE)rius, 
which  is  derived  from  the  tenth  pair  of  nerves,  and 
from  feveral  of  thofe  of  the  neck  ;  thus  united,  they 
pafs  out  of  the  cranium  through  the  fame  opening 
with  the  internal  jugular  vein  \  when  they  get  out  of 

the 
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the  cranium  the  nirvus  acceflbrius  leaves  the  eightii 
pair,  and  pafling  through  the  fterno  maftoideus  mufcle, 
is  diftributed  on  that  and  the  trapezius.  The  eighth 
pair  now  difperfes  ^'arious  branches  to  the  tongue; 
larynx,  and  pharynx,  which  are  united  with  branches 
of  the  fifth  pair,  with  the  poftio  dura  of  the  feventh 
pair,  with  the  recurrent  nerve.  With  the  great  int€rcof- 
tal,  and  with  the  ninth  pair  and  ill  the  cervical  nerves. 
Being  feparated  fronfi  thcfe  nerves  it  runs  down  on 
the  external  fide  of  the  carotid  artery,  and  as  ic  is 
about  to  enter  the  thorax,  a  cronfidcrable  nerve  called 
the  recurrent  is  fent  off  on  each  fide.  The  right 
recur-rent  nerve  takes  a  turn  round  the  /ight  fubcla- 
vian  artery^  and  the  left  round  the  aorta;  and  both  of 
them  running  up  ^gain  at  the  fide  of  the  cefophagus, 
to  which  they  give  branches,  are  fpent  on  the  parts  of 
the  larynx.  We  find  from  many  inftances  that  nerves 
court  the  neighbourhood  of  arteries,  but  what  are  the 
purpofes  of  fuch  a  diftribution  it  is  not  eafy  to  de- 
termine. 

At  the  part  from  which  the  recurrent  nerves  arife? 
are  alfo  fent  off  twigs  which  join,  with  the  branches 
of  the  intercoftal,  and  which  are  diftributed  on  the 
heart,  where  they  form  a  plexus  on  the  pericardium. 
The  two  nunks  of  the  eighth  pair  now  defcend  by  the 
Oifophagus  to  the  ftomach,  where  plexiifcs  are  pro- 
duced, whence  the  ftomach  is  plentifully  fupplied  widi 
nerves,  and  Tome  are  fent  to  the  diaphragm,  the 
liver,  an(i  the  pancreas.  From  thefe  are  fent  branches, 
which  contribute  to  form  plexufes  on  the  fpleen  and 
kidncyb.  Near  the  cjeliac  artery  the  eighth  pair  alfo 
unites  with  the  great  femi-lunar  ganglion,  form.ed  by 
the  two  intercoftal  nerves.  I  have  been  the  more 
particular  with  regard  ro  the  eighth  pair  of  nerves, 
merely  to  give  the  reader  an  idea  of  the  very  com- 
plex 
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plcx  manner  in  which  the  nerves  are  united  to  each 
other^  and  to  evince  the  carefiil  provifion  which  is 
made  to  fupply  the  mod  inriportant  vifcera  from  a 
Variety  of  fources. 

The  ninth  pair  or  lingual,  rifes  from  the  inferior 
part  of  the  corpora  pyramidalia^  and  pafles  out  through 
the  occipital  bone.  After  they  have  arrived  on  the 
outGde  of  the  cranium^  they  adhere  firmly  for  fbme 
way  to  the  eighth  and  the  intercoftal ;  then  after  fend- 
ing a  branch  to  communicate  with  the  cervical  nerves, 
they  enter  the  tongue  and  are  lofl  in  its  fubftance. 

The  tenth  pair  of  the  head  is  by  fome  anatomifU 
conlidered  as  the  firft  of  the  vertebral.  It  rifes  by 
feparate  threads  from  the  fide  of  the  fpinal  marrow, 
pafles  out  between  the  os  occipitis  and  firft  vertebra 
of  the  neck,  and  after  having  given  branches  to  the 
great  ganglion  of  the  intcrcoflal,  and  fome  of  the  cer- 
vical nerves,  is  lofl  in  the  adjoining  mufcles. 

It  has  been  already  mentioned  that  a  branch  of  the 
Cxth  pair  of  nerves,  joined  by  a  twig  from  the  fifth, 
accompanies  the  internal  carotid  artery  through  its  bony 
channel,  and  palTing  out  of  the  cranium,  both  united 
conftitute  the  beginning  of  die  great  inccrcoilal  or  fym- 
paxheric  nerve.  As  foon  as  the  nerve  has  got  without 
the  cranium,  it  is  conncfted  a  little  way  with  the 
eighth  and  ninth  pairs ;  feparating  from  thefc  it  forms 
a  large  ganglion,  into  wliich  cv\itr  branches  from  the 
teqth  of  the  head  and  from  the  firfl:  and  fccond  pairs 
of  the  cervical  nerves.  Thence  running  down  the 
neck  with  the  carotid  artery,  and  diflributing  nerves 
to  the  adjoining  mufclcs,  it  forms  another  ganglion 
as  it  is  about  to  enter  the  thorax,  whence  nerves  are 
fent  to  the  trachea  and  heart  j  thofe  which  go  to  the 
heart  being  united  with  nerves  from  the  eighth  pair. 
Below  the  fubclavian  artery  the  fibres  qf  the  intcrcoflal 

unite 
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unite  to  form  a  third  ganglion.  After  this  the  trunk 
of  the  iritercoftal  pajQfes  down  by  the  fpine,  clofe  to 
the  tranlverfe  procefles,  through  the  cavity  of  tl^c 
thorax.  In  this  courfe  all  the  dorfal  nerves  as  they 
come  from  the  fpine  contribute  to  its  increafc  by  the 
addition  of  twigs  bn  each  fide,  Defcending  ftill  lower 
it  receives  fimilar  acccflions  from  the  nerves  which 
come  out  between  the  lumbar  vertebrae  and  os  facrum. 
At  the  extremity  of  the  os  coccygis  the  intercoftals 
of  the  oppofite  fides  are  turned  inwards,  and  unite 
with  each  other.  The  intercoftal  is  larger  in  the 
thorax  than  it  is  either  above  or  below. 

From  the  part  whence  the  fifth,  fixth,  feventh, 
eighth  and  ninth  dorfal  nerves  are  fent  to  the  inter- 
coftal, come  out  as  many  branches,  which  form  an 
anterior  trunk  called  the  fmall  intercoftal  nerve.  This 
pafles  throii-h  ihc  pofterior  part  of  the  diaphragm  to 
form  with  the  groat  intercoftal  of  the  oppofite  fide,  and 
with  the  eighth  pair,  a  large  femi-lunar  ganglion, 
fituatcd  between  the  caeliac  and  fuperior  mefenteric 
arteries.  From  this  ganglion,  as  from  a  center,  nerves 
are  fent  to  the  liver,  pancreas,  fpleen,  duodenum, 
jejunum,  ileum,  and  a  large  part  of  the  colon. 

Sev.ial  fibres  alfo  pafling  downwards  on  the  aorta, 
are  joined  by  other  nerves  from  the  pofterior  trunk  of 
the  intercoftal,  and  form  plexufes,  which  fupply  the 
kidneys,  glanduljc  fuprarenales,  &c.  They  alfo  form 
a  plexus  about  the  inferior  mefenteric  artery,  which 
accompanies  its  branches  to  that  part  of  the  colon 
which  lies  at  the  left  fide  of  the  abdomen,  and  to  the 
reftum. 

The  firft  cervical  pair  of  nerves  comes  out  between 
the  fii  ft  and  fee  ond  cervical  vertebras  j  the  fecond  cer- 
vical pair  between  the  fecond  and  third.  Thefe  nerves 
communicate  with  each  other,  and  with  thofc  nerves 

of 
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of  the  head  which  pais  down  to  the  neck.  They  are 
afterwards  chiefly  fpent  on  the  extenlbrs  of  the  headj 
die  Icvaitors  of  the  fcApulse,  and  the  neighbouring  in^ 
fiqgyments. 

The  third  cervical  nefve  pafles  from  the  fpinal  mar- 
row, between  the  third  and  fourth  vertebrae,  and  join- 
mg-widi  the  fourth  cervical,  forms  ihe  phrenic  nervc^ 
which^  pafles  down  by  the  fubclavian  veflels  in  its  way 
ID  the  diaphragm,  on  which  it  is  expended.  The 
other  branches  of  the  third  pair  are  diftributed  to  thci 
xnufcles  of  the.  neck  and  top  of  the  flioulder.  Hence 
it  has  been  attempted  to  account  for  the  pain  at  the  top 
of  the  right  flioulder  in  inflammations  of  the  livcr.- 
The  diaphragm  is  fuppofed  to  be  aflfefted  either  by 
its  conuift  with  the  liver,  or  by  the  incrcafed  weight  of 
that  vifcus  pulling  it  downwards ;  and  the  fhoulder  is 
thought  to  (ympathire  with  the  diaphragm,  becaufe  it 
tceeives  nerves  from  the  lame  fource.  This  expla* 
nation,  however^  is  very  unfatisfadtory^  fince  nothing 
is  niore  common  than  for  parts  to  be  fupplied  by  the 
fame  nerves  without  having  any  fuch  fymp?.thy. 

The  fourth  cervical  nerve,  after  having  given  off 
that  branch  which  joins  with  the  third  to  form  the 
phrenic,  paflfes  to  the  axilla,  where  it  forms  a  plexus 
with  the  iifth,  fixtb,  and  fevcnth  cervical  nerves,  and 
with  the  firft  of  the  dqrfuL  After  giving  feveral  con- 
fid^rablc  nerves  which  aie  diftributed  on  the  mufcles  of 
the  thorax,  they  formrieveral  branches  which  pafs 
down  on  the  arm,  and  fuppty  the  whole  fuperior  ex« 
cremity. 

.     The  dorfaK  nerves  are  twelve  in  nunnber>  and  all 

ciontributc  to  the  formation  q£  the  great  intercoftaL 

The  ficft  of  the  dorfal  nerves  diners  from  the  reft  in 

'  yontributing  to  the  formation  of  theinntdual  nerves^ 
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and  in  forming  a  large  ganglion  ^^ith  the  intcrcoftal 
nerve. 

The  dorfal  nerves  alfo  give  branches  backwards  to 
the  ftrong  mufcles  fituated  on  the  fpine,  and  which 
fcrve  to  ereft  the  body.  Their  principal  trunks  ac- 
company the  intercoftal  arteries  in  the  groove  at  the 
bottom  of  each  rib,  and  are  diftribiited  with  them  Co 
the  fides  and  anterior  parts  of  the  thorax.  The  fix 
lower  dorfal  nerves  alfo  give  branches  to  the  diaphragm 
and  abdomen.  The  twelfth  joins  the  firft  and  fecond 
of  the  lumbar,  and  bcftows  nerves  on  the  quadratus 
'lumborum,  pfoas,  and  iliacus  internus.    ' 

The  firll  and  fecond  of  the   lumbar  nerves  (end 
branches  which  join  with  others  from  the  third  and 
fourth,  and  form  a  large  nerve  which  pafles  through 
,the  foramen  thyroidcum,  and  is  fpent  on  the  mufcles 
and  integuments  at  the  infidc  of  the  thigh  ;  it  is  called 
the  obturator  or  pofterior  crural  nerve.     By  branches 
from  the  four  upper  lumbar  nerves  Is  alfo  formed  the 
.anterior  crural  nerve,  which  paffes  out  of  the  abdo- 
men under  the  ligament  of  Fallopius,  and  is  diftributed 
'on  the  integuments  and  mufcles  at  the  fore  part  of  the 
.thigh.     A  branch  of  this  nerve  alfo  attends  the  vena 
faphena  to  the  foot. 

The  fourth  and  fifth  lumbar  nerves  contribute  with 

the  three  fuperior  facral  nerves  ro  form  the  largcft  nervc^ 

of  the  body,  the   fciatic-    This  nerve,  after  giving 

nerves  to  the  mufcles  about  the  hips,,  paflfes   behir^ 

the  tuberofity  of  the  ifchium,  and.  then  downwards,  ck)tc 

to  the  pofterior  part  of  thej  os  femoris.     Diftributing 

;  nerves   through  its  whole  progrefs  it   runs  down  the 

.  back  part  of  the  leg,  and  terminates  in  the  -foleof  the 

i  foot.     The  fourth,,  fifth,  and  fixth  anterior  facral  nerves 

.  arc.much  -fiptfUer  than  the-  fuperior^ -and  are  chiefij 

:  diftributed  on  die  bladdcp,  reftum,  and  anus*   -Small 

nerves 
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nerves  pafs  through  the  pofterior  openings  of  the  os 
lacrum,  which  are  didributed  on  the  hips  and  neigh* 
bouring  mufcles; 

Nerves  may  mbre  properly  be  faid  to  be  connefted 
with  the  brain  than  to  be  produced  from  it,  fince 
fcetufes  have  been  bom  with  a  brain  not  larger 
thad  a  hazel  nut,  and  yet  with  nerves  of  the  ufual 
fize. 

The  ufes  o^  the  nerves  are  very  impk)rtant,  but  ar<J 
bcft  difcovered  from  obferving  the  efredt  of  their  ab- 
fence.  When  a  nerve  is  cut  or  tied,  the  part  to  which 
it  belonged  is  inftantly  deprived  oi  fcnfation^  and  the 
will  has  no  longer  any  command  over  it.  The  nerves 
arc  therefore  the  inftrumenrs  of  fenfation,  ap.d  the  or- 
gans by  means  of  which  the  brain  maintains  a  com- 
munieation  with  the  mod  diftant  parts  of  the  body. 

After  having  confidcrcd  the  ftrufturc  of  the  differ- 
ent parts  of  the  human  body,  can  we  refrain  from 
paufing  a  few  momeors  to  conteniplate  fo  wonderful  a 
fabric  ?  But  man  is  only  a  fingle  inftance  of  the  wif- 
dom  of  Providence;  e\^ery  part  of  the  \Vorld  contains 
animals,  the  ftru<5lure  of  which  is   not  lefs  complex 
than  our  own,  and  the  conftirutions  of  which  are  fuited 
to  the  climates  they  inhabit.     All  of  them  are  furniflied 
with  organs  for  their  fubfiftence,  their-defence,  and  their 
enjoyment,  and  thefc  organs  aref  adapted  to  their  feve- 
ral  nccefficies,  and  have  correfponding  relations  in  the 
0bjc6b,  as  well  animate  as  inanimate,  which  furround 
them.     Not  only  the  furface  of  the  earth,  howeVer,  but 
the  atmofphere,  the  ocean^  the  herbage^  the  foil,  teeta 
with  the  animal  creation.     How  far  this  fyftem  may 
extend  we  know  not ;  but  obfervation  has  hitherto  con- 
tinually  enlarged  our  profpedts,  without  marking  a 
fingle  limit ;  and  it  is  not  improbable,  that  the  animi^ 
'%hich  dwells  on  the  body  of  another,  may  itlelf  be  a 
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theatre  of  life^  on  which  ftlll  more  minute  animals 
take  their  Iport  n/id  paftime. 

From  thefc  viev^s  (hall  we  turn  to  the  heavenly  bo- 
dics,  and  fuppofe  that  fuch  vaft  mailcs  of  matter  are  - 
dcfticute  of  inhabitants?  The  planets  as  well  as  the 
earth  receive  the  says  of  the  fun,  and  fome  of  them 
which  are  far  removed  from  his  light,  are  furniihed 
with  moons.  Were  thefe  moons,  which  are  only 
vifible  by  the.telefcope,  defigned  foroui-  amufement, 
or  for  the  ufe  of  beings  placed  fufficiently  near~to 
profit  by  their  influence  ?  What  fhall  we  think  of  thole 
ftill  larger  bodies,  the  ftars,  which  multiply  upon  us 
without  end,  in  proportion  as  we  are  fiirnifhed  with 
more  extenfivc  means  of  obferving  them.  But  the 
Deity  has  placed  no  bounds  to  our  admiration  r  for 
he  has  made  fpace  appear  to  the  human  mind  nccef- 
farily  infinite,  and  time,  everlafting. 

The  figure  in  the  annexed  plate  (XIV.)  reprefents 

the  diftribution  of  the  nerves. 

a,  A  part  of  the  firft  branch  of  the  fifth  pair  of  nerves> 
called  the  ophthalmic  branch,  going  out  of  the 
orbit,  and  winding  upon  tl>e  forehead. 

^,  The  orbital  branch  of  the  fecond  branch  of  the  fifth 
pair,  going  out  at  the  foramen  below  the  orbit, 
and  dillriburing  its  branches  on  the  lower  part 
of  the  face  below  the  eye. 

f,  A  part  of  the  maxillary  branch  of  the  third  branch 
of  the  fifth  pair  of  nerves,  going  out  by  a  canal 
in  thc^  lower  jaw-bone  by  the  fide  of  the  chin 
and  lower  lip. 

d.  The  trunk  of  the  eighth  pair  of  nerves,  joined  with 
the  recurrent  nerve. 

4<f,  The  trunk  of  the  eighth  pair  of  serves  cut  qS". 

/,  The 
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/i  The  fpinal  recurrent  nerve,  gy  A  branch  of  it  be- 
longing to  the  cleidomdloid'^us  and  fterno-maf' 
toideus  mufcle. 

i&j  The  conjundion  of  the^ recurrent  nerve  with  the 
third  of  the  cervical  nerves.  Afterwards  the  re- 
current winds  backwards. 

^3  U  h  The  left  intercoftal  nerve. 

k.  The  upper  cervical  ganglion  of  the  intercoftal 
nerve. 

/j  A  branch  of  the  (econd  cervical  nerve,  going  to  join 
the  ganglion  k. 

«r,  A  branch  of  the  firft  cervical  nerve,  going  to  the 
fame  ganglion  i. 

n,  0,  Branches  from  the  cervical  nerves,  going  to  the 
intercoftal  nerve. 

/,  The  ganglion  of  the  intercoftal  nerve  in  the  upper 
part  of  the  thorax. 

y,  q,  &c.  Branches,  by  which  the  intercoftal  nerve  is 
conjoined  wirh  the  fpinal  n'^rves ;  viz.  by  the 
feventh  and  eighth  of  the  cervical,  and  all  the 
dorfal  and  lumbar. 

r,  J,  The  extremity  of  the  intercoftal  nerve,  belong- 
-   ing  to  tliC  firft  nerve  r,  and  the  fecond  s  of  the  os 
factum. 

/,  A  confidcrable  nerve,  arifing  from  the  intercoftal 
near  the  vertebras  of  the  back ;  here  indeed  it  has 
fix  beginnings,  according  to  thofc  branches  by 
which  the  interco'tal  is  joined  with  the  fourth, 
fifth,  fixth,  leventh,  eighth,  and  ninth  dorfal. 
Which  nerve,  here  cut  off,  paftl-s  through  the 
diaphragm  into  the  abdomen,  where  it  joins  itfelf 
with  the  eighth  pair  of  nerves  of  the  brain, 
and  with  other  branches  of  the  intercoftal  nerve, 
&c. 

^^,  A  branch  of  the  intercoftal  nerve, 

U  3  ^,  "^9  &c. 
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&c.  Branches-  by  vjhich  the  right  intcrcoA^' 
;rve  is  joined  wich  the  fpinal  nerves, 
.'hofe  branches  of  the  right  intcrroflal,  wbicl| 
,  J,  reprclent:  of  the  Icff. 
branches. 
Branches. 

The  firft  pair  of  cervjcal  nerves. 
Branches,  by  which  the  (econd  p^ir  of  ccrviqit- 
crves  is  joined  with  the  third. 
The  fecond  pair  of  cervical  nerves. 
Branches,  by  which  the  third  pair  of  ccrvka), 
ervcs  i=  joined  with  the  fpurth. 
The  third  pair  of  cervical  nerves. 
The  fourth  pair  of  cervical  nerves. 
.,  H  I  K  L,  The  phrenic  ncryes,  ari[ing  by  tww 
origins,  the  one  H  from  the  fourth  cervical  \v:^. 
nd  the  other  I  from  the  fifth.     K,  K,  Tbcic 

ninks,    fhf*    lefr  of  which-  iincin  aereatnt  nf 
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through  the  external  intercoftal  mufcle,  imhnc* 
diatcly  under  the  origin  of  the  ferratus  magnu5J, 
which  proceeds  from  the  fccond  rib  ;  afterwards 
it  bends  itfelf  backwards  according  to  the  direc* 
tions  of  the  origin  of  the  ferratus  magnus,  and  then 
diftributes  itfelf  upon  the  outfide  of  the  latiflimus 
dorfi  under  rhe  (kin. 

O  A  fimilar  branch-  of  the  third  coftal  nerve,  parting 

y        through  in  the  fame  manner,  and  diftributed  as 
the  former. 

^,  A  fimilar  branch  of  the  fourth  coftal  nerve,  whicFi 
when  it  has  got  tinder  the  fkin,  winds  partly  back- 
wards, and  partly  forwards  and  downwards. 

r,  A  fimilar  branch  of  the  fifth  coftal  nerve;  which 
paffcs  firft  through  the  external  intercoftal  mufcle,  . 
then  through  t;he  head  of  the  external  oblique,  that 
part  of  it  which  rifes  from  the  fifth  rib,  and  after- 
wards runs  along  under  the  fkin. 

9,  «,  X,  Branches  of  the  feventh  9,  the  eighth  1,  and 
the  ninth  coftal  nerve  x,  diftributed  to  the  in- 
ternal part  of  the  external  oblique  mufcle  6i  the 
abdomen. 

hy  A  branch  of  the  tenth  coftal  nerve,  which,  after 
having  paflfed  through  the  external  intei^colial 
mufcle  and  the  tranfverfe,  runs  forwards  between 
the  tranfverfe  and  internal  oblique  mufcles  towards 
the  reftus  mufcle,  and  paflcs  through  it  likewife 
by  the  aponeurofes  of  the  oblique  mufcles  to  the 
parts  below  the  fkin. 

p,  A  branch  of  the  eleventh  coftal  nerve,  which  fol- 
lows the  fame  courfe  with  that  of  the  tenth,  A. 

y,  A  branch  of  the  tenth  coftal  nerve,  beftowed'upon 
the  infide  of  the  internal  oblique  mufcle. 

?,  A  branch  of  the  eleventh  coftal  nerve,* beftowed  the 
fame  way  as  the  laft,  v. 
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rhefc  appear  to  be  branches  of  the  twelfth  coftil 
ervc,  running  between  the  tranlVcrrc  and  inrcr- 
2I  oblique  mufdc:;. 

i&  U  a  branch  of  the  firfl  pur  of  lumbar  txrvcs, 
unning  iikewif;  between  the  iranfverfc  and  Jnicf- 
al  oblique  muicles. 

Branches  of  the  twelfth  pair  of  coftal  nerves. 
The  firft  pair  of  lumbar  tK'rvct. 
jranch  of  the  firft  pair  of  lumbar  nerves. 
le  frcond  pair  of  lumbar  nerves, 
le  fecond  of  the  lumbar  nerv'cs,  joins  with  ih^ 
hird,  and  wirh  the  upper  root  <if  ibe  nerve  i. 
nerve,  marked  O,  on  ihe  left  fide,  arifing  here  by 
double  origin,  one  from  the  firft  pair  of  lumba? 
icrves,  and  the  o:htr  from  the  fecond- 
e  thiid  of  the  lumbar  nerves, 
le  fourth  of  the  lumbar  nerves. 
branch,  which  is  fenc  from  the  fourtli  pair  of  turn- 
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1^  h,  A  QonMkfzhAc  nerve  on  each  fide^  which  arifihg 
bf  two  roetSf  the  one  from  the  fecond  and  thirds 
and  die  other  from,  the  fourth  of  the  lumbar 
nerves,  runs  down  firft  under  the  great  pfoas 
mufcle,  then  by  the  fide  of  the  pelvis  to  the  up- 
per part  of  the  foramen  thyroideum,  wh^rc  it 
divides  into  two  branches^  the  anterior,  2,  and  the 
pofterior,  3. 

2,  The  anterior,  goes  out  immediately  above  che  €)b- 
turator  mufcle  by  a  finus,  in  the  upper  part  of 
the  foramen  thyroideum. 

3$  3»  4>  The  pofterior,  pafSrs  through^he  lame  finus, 
and,  running  immediately  down  between  the  two 
obturators,  gives  a  branch  to  the  external  i  it  goes 
out  then  by  that  external  branch,  4. 

5,  The  fclatic  nerve. 

6,  6,  The  crural  nerves. 

7,  7,  Branches  of  the  crunJ  nervesj  agoing  C6  the  in- 

ternal iliacs, 

8,  8,. .  The  external  branches  of  the  crural  nerves,  whkll 

running  down  the  thighs,  givtc  branches  to  the 
internal  iliac  mufclcs,  the  mufculi  refti  of  the 
legi  the  vafti  intemi,  the  crurei,  and  the  Arafti 
exEerni. 

9,  9,  The  internal  branches  of  the  crural  nerves,  which 

run  down  the  thigh,  and  in  their  courfc  give  oflP 
branches  to  the  vafti  interni. 
I  o,  1  o.  The  roots  of  the  nerves. 

11,  II,  The  roots  of  the  nerves. 

1 2,  Here  the  internal  branch  of  the  right  crural  nerve^ 
emerging  between  the  mtilclcs  gracilis  and  farto-^ 
rius,  is  tut  off. 

1 3,  The  root  of  that  branch. 

14,  The  internal  branch  of  the    left   crural  nerve 

cut  off. 

15,  ic.  Branches 
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Branches  of  thf  fcladc  nerves.  They  pro- 
:c   the   branches,    17,'   17,   18,  19,  20,  31: 

wliich  17,  17,  belong  to  the  long  cxtcnfbrs  of 

toes  ;  1 8,  to  the  pcronetis  ]ongu:>  j  1 9  is  fub- 
aneous,  and  divides  itielf  Into  two  branches, 
ich  anfwer  to  t!ie  branches  zo  and  :i  ;  so,  3  it 

a  variation  of  the  branch  1 9,  dividing  icftlf 

ner  into  ;0j  21. 

The  fifth,  fixth,  fcventJi,  and  eighth  pair  of 

vical  nerves. 

jranch,  which,  arifing  from  the  above  ncrvei 

:heir  courfc  to  the  axilla,  is  diftribtircd  w  d»e 

dc  of  the  peftoral  mufcle. 

iranch,  which,  arifing  in  the  fame  manner  from 

above  nerves,  is  bcftowed  itpon  the  infldc  of 

Icrratus  anticiis. 
A  branch,  which,  going  off  like  the  former 
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;  the  leng^  of  the  humerus,  to  the  pofterior  part 
of  the  large  coQ^yle^  and  thence  by  die  fore- 
arm to  the  pain)  of  the  hand^ 

31^  A  branch  of  the  third  brachial  nerve  39^ 

32,  The  firft  of  the  brachial  nery^  27,  after  it  ha? 
fvn  a  litt]^  way  under  dje  coracobrachialis  mufcle^ 
makes  its  way  through  itj  and  afterwards  runs 
jLinder  the  Ihortcr  head  of  the  bicepsi  giving 
branches  to  this,  and  the  infernal  brachial  mulclei 
^     It  is  cut  off,  at  23* 

34,  A  bran(:h  of  (he  firft  of  the  brachial  neryes,  which 
it  (ends  off  to  join  th^  fecpnd,  The  fame  in  the 
left  armt 

ZSi  35>  Here  the  (econd  trunks  of  the  brachial  nerves 
28,  28,  give  branches  to  the  pronatores  and 
teretes,  the  radiales  interi^i^  the  fublimes,  ahd 
palmares  longi  mufcles. 

36,  36^  Confiderable  branches  of  the  fecond  brachial 

nerves,  which  fend  off  branches  to  the  profundi, 
and  the  long  flexors  of  the  thumbs ;  and  afoer- 
wards  37,  37,  get  in  between  thefe  ndufcles,  an4 
run  down  to  the  pronatores  quadraci  mufcles. 

37,  This  fecond  of  the  brachial  nerves,  pafles  thrbugh 
the  ligament  of  the  wrift  on  the  infide  i  after- 
wards, 39  proceeds  to  the  wrift,  where  it  di- 
vides irfelf  into  five  branches,  40,  41,  42,  43,  44. 
Of  which 

40,  The  firft,  gives  a  branch  to  the  third  lumbrical 
mufclc,  after  which  it  divides  itfclf  into  two ; 
one  branch  running  along  the  fide  of  the  ring 
finger  next  the  middle  finger,  and  the  other  along^ 
the  fide  of  the  middle  finger  next  to  the  ring 
finger. 

^i|  The  fecond,  gives  a  branch  to  the  fecond  lum- 
brical, and  afterwards  divides  like  .vile  into  two ; 

one 
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one  branch  running  along  the  fide  of  the  middle 
finger,  next  the  fore  finger,  and  the  other'along 
the  fide  of  the  fore  finger  next  the  middle 
finger* 
42>  The  third,  gives  a  brancli  to  the  firft  lumbrical, 
and  afterwards  riiRs  upon  the  fide  of  the  fore 
finger  next  the  thumb. 

43,  The  fourth,  goes  to  the  thumb,  and,  there  divid- 

ing into  two,  runs  upon  each  fide  of  it. 

44,  The  fifth,  which  is  here  cut  ofi"',  gives  a  branch 
to  thc<  Ihort  vbduftor  of  tiie  thumb.  And  then 
it  gets  between  the  fliort  flexor  and  the  mufcu- 
lus  opponens  of  the  thumb,  and  belongs  to  the 
opponens. 

45,  45,  Concinoarions  of  the  brachial  nerves.     The 

third  pair  -of  brachials  29,  29,  after  having  run 
backwards  by  the  flioulder-bones  from  the 
axillas,  and  then  between  the  external  brachial 
mufeles  on  the  one  fide,  and  the  long  and  fliort 
heads  of  the  bicipites  on  the  other,  and  after- 
ward? between  the  internal  brachials  and  long 
fupinators,  emerge  here  45,  45,  between  thefe 
lall-meniioned  mufcles,  and  thence  proceed  to 
the  infide  of  the  fore -arm,  where  having  given 
off  branches  to  the  long  fupinators  and  external 
radial  mufcles,  they  pafs  through  the  fliort  fupi- 
nators 46,  46. 

47,  47,  Nerves  cut  off. 

48,  40,  Branches  cf  the  fourth  brachial   nerve,  30, 

going  to  the  external  brachial  mufcle  49,  49,  to 

the  internal  ulnar,  50,  to  the  profur.dus. 

51,  A  branch  of  the  lame,   which  pafTes  under   the 

internal  ulnar  to  the  back  part  of  the  extremity 

of  the   fore-arm,    and   makes   a   fubcutaneous 

nerve. 

After 
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tcr  giving  off  this  branch,  the  fourth  brachial 
nerve  runs  before  the  ligament  of  the  wrift  in- 
wards,  towards  the  palm  of  the  hand,  where  it  di- 
vides into  the  branches  52,  53,  54.     Of  which 

,  The  firft  remarkable  one,  fpreading  itfelf  in  the 
wrift  under  the  tendons  of  the  profundus  and  the 
lumbricales  mufcles,  its  branches  are  diftributed 
orincipally  to  thefe,  viz.  tl)C  abduftor  of  the 
little  finger,  the  adduftor  of  the  fourth  metacar- 
pal bone,  t!'ie  interollcous  mufcles,  the  adductor 
of  the  thumb,  the  fhort  flexor  of  the  thumb,  and 
the  abduftor  of  the  fore  finger- 

;,  The  fccond,  after  it  has  given  off  tlic  fubcuta- 
neous  branch  which  is  here  cut  awayj  and  an- 
other  to  the  abdudor  of  the  little  finger,  ruaf 
along  the  back  part  of  the  little  finger. 

^  The  third,  dividing  into  two  at  the  roots  of  the  ring 
finger  and  little  finger ;  one  branch  runs  along 
the  fide  of  the  little  finger  next  the  ring  finger^ 
and  the  other  along  the  fide  of  the  ring  finger 
next  the  little  finder. 

/■■■<      I'^^-'-'A 
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Chap-    XXIX- 

CIRCULATIof?   OF   THE   BLOCJEf. 

tirulture  of  the  Heatt,  mkJ  Cfreulation  iit  daU'hlodtlhd  jfm/iutls.'^ 
Circulation  in  the  njoarm-blooded  Animals j'^Courft  of  the  Mkod 
through  the  Lungs  '^Through  the  reft  of  the  Body^^^RamiJicaiiois 
of  Arttriesj^^l  alvular  Strudure  qf  Veins ir^OiJj'erent  from  iht 
StruSnre  of  Lymphatics. 

TH  E  ftrudhire  aiid  ufcs  of  the  oJ"gans  concerned 
ih  the  circulation  of  the  blood  have  been  al- 
ready ccDnfidered,  and  it  was  farther  remarked  that 
the  heart  of  man  is  of  a  duplex  conftrudtion,  in  other 
words>  that  it  has  two  auricles  and  two  ventricles. 
With  a  view  to  perfpicuity,  before  we  proceed  to  tht 
circulation  in  the  human  body^  it  will  be  nec'eflary  to 
mention  the  ftrufture  of  the  heart  in  certain  animals 
in  which  it  is  more  fimplc. 

In  frogs,  fcrpents,  and  other  cold-blooded  animal^ 
the  heart  confifts  of  only  two  cavities,  an  auricle  and  a 
ventricle  j  from  the  auricle  the  blood  pafics  into  the 
ventricle,  from  the  ventricle  it  is  driven  into  the 
arteries,  from  the  arteries  it  is  received  into  the  vcins^ 
and  by  the  veins  is  again  brought  back  to  the 
auricle. 

This  being  Well  underftoodi  it  cannot  be  difficult 
to  comprehend  the  courfe  of  the  circulation  in  mto^ 
and  the  warm-blooded  animals^  in  which  the  only 
difference  is,  that  the  heart  being  double,  or  con- 
fiding of  four  cavities,  the  blood  performs  two  circles 
inftead  of  one.  From  the  anterior  auricle  the  blood 
paffes  into  the  anterior  ventricle ;  frona  the  anterior 
ventricle  it  is  conduced  by  the  pulmonary  artery  to 

ihe 
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die  lungs,  and  frpm  the  lungs,  the  pulmonary  veina 
bring  it  back  to  the  poftcrior  auricle  ;  from  the  pof- 
tenor  auricle  it  pafles  into  the  poftcrior  ventricle ;  frojn 
the  poftcrior  ventricle  it  is  carried  to  every  part  of  the 
body,  by  means  of  the  aorta  and  its  branches,  and 
thence  is  again  brought  back  by  the  venx  cavse  to  the 
anterior  auricle,  whence  it  proceeded.  In  this  manner, 
cfaroughqut  life,  the  blood  is  conftandy  performing 
two  circles  ;  a  leflcr  between  tlie  heart  and  the  langs, 
and  a  larger  between  the  heart  and  the  reft  of  the 
body. 

The  two  auricles  and  ventricles  arc  of  equal  capacity, 
and  correfpond  in  their  contraftions.  From  thefe  cif- 
cumftances  it  is  evident,  that  iMt  fame  quantity  of 
blood  pafles  through  the  lungs  in  a  given  dme,  as 
through  all  the  reft  of  the  body,  and,  confequently, 
that  the  circulation  muft  be  much  more  rapid  in  the 
lungs  than  in  other  parts.  It  is  fuppofed  that  about 
two  ounces  of  blood  are  thrown  from  each  ventricle  of 
the  heart  at  every  contradign. 

The  heart,  however,  though  the  moft  remarkable, 
b  not  the  only  organ  of  circulation  ;  fince  every  vefiH 
rfirough  which  the  blood  pades  aflifts,  by  its  contracr 
tile  powers,  to  propel  its  contents.  The  fudden  con- 
tra^ons  of  the  heart,  by  wluch  the  blood  is  thrown 
into  the  arteries,  occafion  their  pulfation,  which  is  moft 
Ytoknt  in  the  large  trunks,  gradually  become*^  lefs  re- 
fliarkaUe  as  they  ramify  and  recede  from  the  heart, 
and  is  not  at  all  perceptible  in  the  veins,  which  receive 
their  blood  from  the  arteries.  The  contraction  of  the 
ventricles,  by  which  the  blood  is  propelled  from  the 
heart,  is  caUed  the  fyftolc ;  the  dilatation,  by  which  the 
blood  is  received  into  them,  the  diaftole. 

The  ftrudure  of  the  heart  in  the  tonoife  and  fome 

other 
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other  amphibious  animals  is  intermediate'bctweea  that 
of  cold-blooded  animals  and  warm-blooded. 

The  heart  has  two  diftindb  auricles^  without  any  com- 
municacion :  and  under  thefe,  there  is  the  appearaAce 
of  two  ventricles  fimilar  in  (hape  to  thofe  of  the  latter 
dais :  but  they  may  be  confidered  as  one  cavity  i  for 
the  ventricle  fends  out  not  only  the  pulmonary  arceryy 
jbut  llketvife  the  aorta ;  for  there  is  a  paflfage  in  the 
fcptum,  by  which  the  ventricles  communicate  .freely, 
and  the  blood  pafles  from  the  left  into  the  right  one* 
From  the  aorta  the  blood  returns  into  the  right  auricle, 
while  that  from  the  pulmoilary  artery  returns  to  the 
left  auricle,  from  which  it  is  font  to  the  left  ventricle, 
&c.  fo  that  only  a  part  of  tlic  blood  is  fent  to  the  lungs^ 
the  reft  going  immediately  into  the  aorta  5  hence  die 
^imal  is  not  under  the  ncceflity  of  breathing  fo  often 
asotherwife  it  would  be. 

The  ends  of  the  arteries  are  the  beginnings  of  the 
veins,  whicJi  uniting,  as  the  arteries  divided,  at  length 
form  large  trunks,  which  generally  correfpoiid  with  the 
trunks  of  the  arteries,  from  which,  by  the  medium  of 
fmaller  branches,  tliev  received  their  cf)ntents» 

But  though  all  arteries  tcrnnnate  in  veins,  yet  die 
minutenefs  of  their  ramifications,  before  this  talocs  place, 
is  various;  while  fome  tranfinit  the  red  globules,  others 
exclude  them,  and  tranfmit  nothing  but  ferum. 

A  circumftance  contributing  greatly  to  the  progrcfs 
of  the  blood  in  the  veins  is  their  valvular  ftruftiMic, 
fitting  them  for  deriving  affiftance  from  preffure ;  and 
we  find  accordingly  in  the  limbs,  and  wherever  dfe 
any  advantage  could  be  obtained  from  this  circumftancrj 
that  the  veins  are  furniflied  with  valves,  while  id  the 
cavities  of  the  body,  where  they  are  not  fo  much  preflbd 
by  the  adion  of  mufcles,  this  part  of  their  ftrufturc  is 
Wanting, 

ui  The 
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The  modoo  of  the  fluids  of  the  valvular  lymphatic 
fyftem  is  quite  diftinft  from  the  circulation  of  the  blood. 
Theie  vcfiels  b^;in  by  open  mouths^  which  perform 
the  oflice  of  ablbiipdon^  iand  their  contents  are  not  de^^ 
rivcd^  like  thofe  of  the  red  veins>  from  the  extremities 
of  arteries ;  their  fluids  are  therefore  propelled^  with- 
out any  aid  from  the  hearty  by  their  own  contradtile 
powers* 

The  moft  remarkable  flindtions,  to  which  the  circu- 
lation of  the  blood  is  fublervient^  are  iecretion^  the 
nourifliment  of  the  bodyy  and  certain  changes  which 
the  blood  undergoes  in  its  paflage  through  the  lungs  1 
of  thele  it  will  be  proper  to  treat  in  the  chapters  im- 
itacdiately  fucceeding* 
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SECRETIONi  EXCRETION,  ABSORPTION,  A^JD 

NOURISHMENT. 

Ceural  BfftSs  of  Secretion.^^Tke  Glands, ^^Excrtti&n.'^SicrniiM  rf 
Bihj^HoRJO  this  FunStM  is  farfirmed  in  FifiHs.'^Ahfiffiun^-^ 
Lymphatic  GUnds,^m,Nourifimtnt  «r  Reparation  oftht  Bodyj^^Bmns 
hecome  morejhlid  in  old  Age, 

THERE  is  no  funftion  of  the  body  which  is 
more  calculated  to  excite  our  aftonilhmenc  and 
admiration,  than  that  of  fecretion.  By  fecretion  we 
fee  one  fluid,  the  blood,  modified  more  varioufly  and 
more  exquifitely  than  the  human  mind  can  eaGly  con- 
ceive, or  ever  hope  to  explain ;  in  one  part,  fccrctcd 
fluids,  varying  in  diflerent  races  of  animals  according 
to  their  food,  are  endued  with  a  power  of  diflblving 
the  aliment,  and  fitting  it  for  the  nouri(hment  of  the 
body  ;  in  other  parts,  lecretion  furnilhes  fluids  for  lu- 
bricating the  organs  concerned  in  the  various  funflions 
of  the  animal  machine.  In  fome  animals  the  moft 
powerful  odours,  in  many  the  moft  deadly  poifons,  and 
in  all,  that  wonderful  fluid  by  which  their  race  is  per* 
petuated,  are  tlie  produdts  of  fecretion. 

So  far  are  we  from  difcovering  the  nature  of  ftcit* 
jtion,  and  the  caufes  of  the  difl^erent  properties  of  the 
fluids  which  are  fecreted,  that  we  in  reality  know  little 
more  of  this  funftion,  than  the  general  outlines  of  the 
ftrufture  of  the  parts  concerned  in  it.  We  fee  a  gland, 
widi  an  artery,  vein,  and  excretory  duft  conne£ted  to 
it,  but  whether  the  fecreted  fluid  is  formed  by  exuda- 
tion tlirough  the  coats  of  the  minute  arteries  diC- 
y^'  tribute^ 
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Iributed  in  the  glandi  or  whether  it  is  poured  out  from 
the  open  extremities  of  arteries  into  fmall  receptacles^ 
and  is  theilce  received  into  the  excretory  duft,  or  in 
what  other  mode  the  change  wrought  on  the  blood 
conveyed  to  the  gland  is  efFcfted,  we  are  entirely  ig- 
norant. So  different,  however,  are  the  properties 
of  Iccreted  fluids  from  thofe  of  the  blood,  that  it  is 
probable  Ibmething  more  happens  than  a  mere  fe- 
paradon  of  principles^  which  previoufly  exifted  in  that 
iluid. 

By  fome  phyfiologifts  it  has  been  imagined,  that 
fecretion  may  be  explained  on  the  fimple  iuppoficion 
bf  a  difference  of  diameter  in  the  veffcls  from  which 
the  fecreted  fluids  are  poured  out.  On  this  idea  it 
has  been  advanced,  that  the  thinneft  fluids  are  formed 
by  the  arteries  of  the  fmallcft  diameter,  and  the  more 
denle  by  arteries  of  a  larger  fize  j  but  it  is  evident^ 
diat  though  the  fmaller  arteries  would  exclude  the  larger 
parades,  ftill  the  larger  arteries  would  fufler  the  ihnaller 
particles  to  pais  through  them^  and  thus  the  (ecretion 
be  in  fome  meafure  confounded. 

Excretion,  like  fecretion,  is  performed  in  general 
by  arteries.  The  term  fecretion  is  applied  to  the  for- 
Riation  of  thofe  fluids  which  are  fubfervient  to  Ibmd 
purpoie  in  the  animal  machine ;  that  of  excretion  to 
the  fbrmanon  of  fuch  as  are  apparently  of  no  particular 
uic,  and  which  (eem  to  be  ieparated  for  no  other  end 
itfaan  to  be  difcharged  from  the  body.  It  is  difliculr^ 
liOwever,  to  apply  thefe  diftin^tions  to  particular  cafes^ 
finoe  dierc  is  hardly  any  one  of  thefe  fluids,  the  pro- 
dudion'of  which  is  not  in  fome  way  ufeful^  and  but 
very  few  which  thay  not  be  confidered  as  in  fome  de«> 
giee  excrementitious. 

Both  fecretion  and  ezcredon  are  in  many  parts  o^ 
die  body  performed  by  the  minute  ramiBcadons  of  ar^ 

X  a  teriei 
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tcries  opening  on  the  furface  of  membranes,  with- 
out the  intervention  of  glands.  Fluids,  which  are 
defigned  for  the  lubrication  of  pafiages,  arc  very  ge- 
nerally di (charged  into  fmall  bags  or  follicles,  whence 
they  are  expreffcd,  when  their  prefence  is  moft  ae- 
ceffary. 

Few  of  the  fecreted  fluids  are  difcharged  from  the 
body  exadlly  in  the  ftate  in  which  they  were  firfl 
prepared,  but  gradually  become  more  vifcid  or  acrid ; 
fince,  while  they  remain  in  the  receptacles  deftined 
for  their  prefer i^at ion,  their  more  watery  parts  are 
continually  taken  away  by  the  adlion  of  the  abfor- 
bents. 

We  have  hitherto  confidcred  fecretion  to  be  on 
every  occafion  th^  work  of  arteries,  but  it  is  now 
necefTary  to  take  notice  of  a  remarkable  exception 
to  this  ruk,  and  to  inform  the  reader,  that  the  moft 
copious  fedretion  in  the  body  is  performed  by  veins* 
The  blood,  which  is  carried  by  the  arteries  to  the  body 
at  large,  is  generally  returned  by  the  rcadieft  paflages 
to  the  heart  i  but  it  is  ordered  otherwifc  with  refpe£t 
Co  that  which  is  lent  to  the  bowels. 

The  blood  from  the  abdominal  vifcera  is  re- 
ceived by  a  large  vein,  furniflied  with  remarkably 
denfe  coats,  and  called,  from  entering  the  liver  as 
through  a  gate,  the  vena  portarum ;  this  vein  is  dif- 
tributed  through  the  fubftance  of  the  liver,  in  the 
fame  manner  as  arteries  are  diftributed  through  other 
glands. 

The  liver,  however,  is  furniflied  with  an  artery 
which  may  poffibly  have  fome  influence  in  the  prepa- 
ration of  the  bile.  The  ramifications  of  this  artery 
inofculate  with  thofe  of  the  vena  portarum,  and  the 
blood  from  both  is  returned  together  to  the  heart,  by 
vfins  which  empty  themfclves  into  the  vena  cava. 

Afedt 
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A  faft  fo  concradiftory  to  the  analogy  of  the  other 
ffcretions  cannot  fail  to  excite  our  wonder  and  curio* 
ficy.  Our  curiofity  we  cannot  hope  t5  gratify,  fincc 
the  pp.  r*nr  (late  of  our  knowledge,  with  refped  to  the 
nature  of  iccrction,  gives  us  litdc  room  to  cxpeft  a 
difrovery  of  the  advantages  which  arc  derived  from 
this  or  any  other  peculiarity  in  our  frame;  but  our 
wonder  will  be  leiTened  by  confidering,  that  the  iamc 
peculiariry  tnkes  place  in  certain  animals,  under  cir- 
cumftiinces  ftill  more  remarkable  In  filhes,  a  Hngle 
artery  arifes  from  the  ventricle  of  the  heart,  which 
is  entirely  diilributed  on  the  gills  s  from  the  gills  the 
blood  is  gradually  collected  into  a  large  reffel,  cor- 
refponding  to  the  aorta  in  man,  and  diftributing  the 
blood  to  every  part  of  the  bodyl  From  the  bowels, 
however,  the  veflels  ftill  again  unite,  and  form  a 
large  trunk,  which,  entering  the  liver,  performs  the 
fecretion  of  the*  bile,  in  the  riiird  circle  of  the  blood, 
fince  it  paffed  through  the  heart  i  whereas  in  man  the 
blood,  in  pafling  through  the  liver,  is  only  in  its  fe- 
cond  circle  or  courfc. 

Abforption,  as  was  before  remarked,  is  performed 
by  a  fyftem  of  veflels  quire  diftinft  from  thofe  con- 
cerned in  the  circulation  of  the  blood.  Their  appear- 
ance, ftrufture,  and  courfe  through  the  body,  have 
been  already  defcrlbed.  The  ufes  of  the  abforbents 
in  the  animal  oeconomy  ^re  of  the  moft  important 
nature.  By  the  abforbents  all  the  nourifhment  of 
the  body  is  conveyed  from  the  inteftines  towards  the 
heart  %  and  by  the  abforbents  thofe  particles,  which 
have  become  »felefs  in  any  of  the  organs,  are  taken 
up,  conveyed  into  the  mafs  of  circulating  fluids,  and 
ultimately  difcharged  from  the  body.  The  bones 
themfelves  afford  evidence  of  the  adion  of  the  ab- 
ibrbentSj  as  their  component  particles  are  continually 
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changing  throughout  lifcj  and  as  all  the  bones  lo(b 
confidcr^bly  of  their  weight  in  extreme  old  age. 

At  the  fame  time,  however,  that  their  actual  weight 
is  leflened,  their  fpecific  gravity  is  increafed  i  for  the 
bones  of  old  people  are  thinner  and  more  compaA  in 
their  fides,  and  have  larger  cavities.  By  chemical  ana^ 
lyfis,  the  proportion  of  earth  is  found  to  be  increafed 
in  the  progrefs  of  life. 

The  abforbents  are  particularly  numerous  in  glands, 
and  very  probably  have  ;heir  influence  in  producing 
the  phenomena  of  fecretion.  The  fluids,  which  are 
iecreted,  for  lubricating  die  joints  and  mufcles,  and 
for  moiftening  the  feveral  cavities  of  the  body,  are 
continually  renovated  by  the  abforbents,  which  take 
up  what  is  already  eflfufed,  while  more  is  fupplied  by 
the  arteries 

The  ufes  of  the  glands  connefted  with  the  lympha« 
dc  v^Jflels  are  not  well  underftood,  but  from  their 
being  univerfal,  and  from  our  not  being  able  to  find 
^  Angle  lymphatic  vcflfel,  which  does  not,  in  its  pro- 
grefs towards  the  heart,  pafs  through  fom'e  of  them^i 
it  may  be  concluded  that  their  ufes  are  very  important. 
One  of  ihe  purpofes,  however,  which  they  ferve,  isj^ 
probably,  to  impede  any  thing  injurious,  which  may 
be  taken  up  by  the  abforbents,  from  entering  the 
mafs  of  blood;  and  in  this  way  the  minute  ramifica- 
tions, into  which  the  lymphatics  are  divided  in  their 
pafifage  through  thefe  glands,  may  perform  the  office 
of  a  filter.  There  are  feveral  arguments  which  might 
kad  us  to  believe,  that  the  lymphatic  glands  belong- 
ing to  the  lafteals  have  fome  fhare  in  digefHon,  or  in 
fitting  the  chyle  for  entering  the  mafs  of  circulating 
fluids ;  but  their  influence  in  thisTefpedt  is  not  proved^ 
nor  does  it  feem  eafy  to  afcertain  it.  Several  hypo- 
thefes  have  been  formed  by  ingenioiis  men,  with-  a 

view 
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view  to  explain  die  mode  in  which  the  ab(brbents  aft 
jn  taking  in  their  contents ;  but  as  they  are  but  hypo* 
chefes,  I  (hall  pafs  them  over  in  filence. 

As  the  ablbrbents  are  continu^ly  taking  away  the 
fuUlance  of  the  bodv,  if  was  neccffarv  that  there  Qiould 
be  organs^  which^  by  furnifhing  frefh  particles,  might 
counterbalance  their  efTcfts ;  and  theie  organs  are  the 
arteries.  It  has  been  already  obferved  that  the  arteries^ 
£>r  an  Important  purpofe,  convey  the  blood  to  every 
part  of  the  fyftem  i  by  means  c^  the  blood,  how« 
•«ver,  the  arteries  not  only  produce  the  fecretioos,  but 
iumifli  matter  to  every  exhaufted  organ  of  the  body  ; 
and  from  one  fluid,  reftore  the  loft  particles  of  the 
bones,  the  mufcles,  and  the  nerves,  or  whatever  other 
(blids  ftand  In  need  of  repair. 

This  office,  however,  of  the  arteries,  pro-fuppofes 
that  there  muft  be  a  fource,  from  which  they  are 
tbemlclves  fupplied  with  the  fubftance  tbey  furniih  to 
the  other  organs ;  and^is  leads  to  the  cqnfidcraOQQ 
of  the  important  function  of  digtition. 
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-      Chap.    XXXI. 

P    I    G    E    S    T    I    O    N. 

■ 

$inJiuions  of  Hunger  andThirft,'^Progre/s  of  tbt  Food  to  thi  Stotiuui. 
w^DigeftioHj  ho*iv  performed  by  Men  and  Quadrupeds. ^Bj  Birds, •^ 
The  Gizzard  of  Fowls,  and  its  Ufes.^^Birds  of  Prey.'^Riaumur^t 
Experiments  on  the  Digeftion  of  Fowls. ^-^Motiois  of  the  Stomach  and 
Gizzard.'-^Balls  of  Hair  found  in  the  Stomachs  of  Quadrupeds. ^r^ 
Qaftric  Fluid.*r*Stomacff  itfelf  partly  dijfolved  hy  its  ASion  after 
Dcath.''^Ferme^:tation  only  takes  place  in  difeafsd  Stomachs.'^ 
WhcU  Suhflanccs  are  digeftible,  and  the  contrary. ^^Powers  of  Di* 
ge^ion  in  different  jfnimals.^-^Carnivorous.^^Grani*vorous.''^ra' 
metti*vorous,^^Sl£eping  Animals. ^r^Accommodating  Power  of  the 
Stomachs 


ANIMALS  arc  powerfully  admonifhcd  to  re- 
pair the  wafte  of  their  bodies  by  an  avcrfio^ 
from  the  fenfations  of  hunger  and  thirft,  and  a  defifc 
of  that  pleafiire  which  attends  the  gratification  of  thefc 
appetites.  Solid  food,  being  taken  into  the  mouth, 
is  mafticated  by  the  teeth,  and  mixed  with  faliva  and 
mucus,  which,  by  the  prcflure  and  adion  of  the  parts, 
are  very  copioufly  exuded.  Thus  foftened  and  lubri- 
cated, the  food  is  conveyed  to  the  root  of  the  tongue, 
and  the  lower  jaw  being  now  fixed  by  the  fhutting 
of  the  mouth,  we  are  prepared  to  aft  with  the  mufcles 
which  pafs  the  bone  of  the  lower  jaw  to  that  which 
fupports  the  tongue,  called  the  os  hyoides,  A  con- 
vulfive  aftion  of  thcfe  mufcles  fuddenly  draws  fox- 
wards  the  OS  hyoides,  the  root  of  the  tongue,  and  the 
larynx  s  the  pharynx  is  enlarged,  the  food  is  forced 
into  the  gullet,  and  in  its  paffage  prcfies  down  the 
epiglottis,  lb  as  to  prevent  any  thing  from  getting 

intu 
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lACo  the  windpipe.  The  parts  before  thrown  into 
action  are  now  relaxed ;  the  food  is  received  by  the 
gullet,  and  is  regularly  but  rapidly  conveyed  to  the 
ftomach.  Fluids  are  conveved  to  the  ftomach  in  the 
iame  manner  as  folids.  So  perfeft  and  exaft  is 
the  ai^ion  of  the  giillet  in  propelling  its  contents,  that 
ever;  air  cannot  cUkJc  its  grafp,  which  is  proved  by 
our  having  the  power  of  fwallowjng  air,  by  taking  a 
mouthful  of  it,  and  ufin^  the  fame  efforts  which  we 
employ  in  fwallowing  our  food. 

After  the  food  has  reached  the  ftomach,  it  is  ftill 
further  foftened,  and  at  length  reduced  to  a  pulpy 
confiftence,  by  means  which  we  (hall  'prefently  exa- 
mine. It  now  pafTes  through  the  pylorus,  or  right 
orifice  of  the  ftomach,  into  the  duodenum,  where  it  is 
reuined  for  fome  time,  and  attenuated  by  the  admixture 
of  the  bile  from  the  liver,  and  the  pancreatic  juice  from 
the  pancreas.  From  the  duodenum  it  pafles  into  the 
Jejunum  and  ileum,  in  which  it  is  moved  backwards  and 
forwards  by  the  niufcular  contradion  of  their  coats, 
called  their  periftaltic  motion.  As  it  proceeds,  its  more 
fluid  parts  are  continually  taken  up  by  th«  lafteals,  and 
it  confequently  gradually  becomes  of  a  thicker  con- 
(iftence.  From  the  fmall  inteftines  it  paffes  through 
the  valve  of  the  colon  into  the  large.  Here  it  pro- 
bably undergoes  ftill  further  changes,  and  more  of 
its  fluid  parts  are  abforbed  by  the  ladeals.  It  is  at 
length  received  by  the  end  of  the  inteftinal  tube, 
called  the  reclum,  and  being  of  no  further  ufe,  is 
(Jifoharged  from  the  body. 

The  chyle,  which  is  the  produ^  of  the  digefted 
filiment,  after  it  enters  the  lymphatics,  is  conveyed  to 
the  heart,  and  mixed  with  the  mafs  of  blood.  Let  us 
now  examine  the  inftruments,  which  nature  employs 
in  fo  wonderful  a  procefs,  as  that  of  fitting  dead  mat- 
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tcr  for  receiring  z&Wc  properties)  and  being  endued 
with  life, 

^  A  great  many  fubftances  may  enter  the  lafleals 
along  with  the  chyle>  even  folids  reduced  to  fine 
powder.  When  indigo  has  been  thrown  into  the  in- 
•tcftine  of  a  (heep,  I  have  fcen  the  chyle  rendered  quite 
blue :  now  indigo  is  not  foluble  in  water,  but  is  a  iblid 
reduced  into  a  very  fine  powder.  So  muflc  gets  into 
the  chyle,  giving  it  a  ftrong  Ihiell,  and  a  great  variety 
of  other  fubftances  of  various  colours,  various  taftes, 
and  various  fmells,  each  of  them  gi^'ing  colour>  or 
tafte,  or  fmell,  to  the  chyle.  Never thelefe  the  ladteals 
feem  to  poffefs  fome  power  of  rejeftion,  fincc  green 
vitriol,  either  exhibited  along  with  the  food,  or  dirown 
into  the  intedine  after  the  animal  has  been  openedy 
'while  chyle  was  forming  and  abforbing,  gives  ho  colour 
on  infufion  of  gall  being  applied  to  the  chyle ;  nor  if 
galls  are  thrown  into  the  ftomach  along  with  the  fbod» 
or  if  an  infufion  of  them  is  in  like  manner  thrown  into 
the  inteftine,  when  an  animal  is  opened,  during  the 
time  that  the  chyle  is  flowing  into  the  laftcals,  do  they 
give  any  colour  upon  ^  folution  of  green  vitriol  being 
applied  to  the  chyle  *.* 

Dr.  Fordyce  menrions  feveral  inftances  of  the  ftrong 
aflimilating  powers  of  the  ftomachs  of  certain  animals » 
fuch  as  fifh  thriving,  increafing  in  fize,  and  excluding 
fasculent  matter  when  confined  in  fpring  water,  with- 
out any  perceptible  Iburce  of  nourifhment,  and  even 
when  a  communicadon  with  the  air  was  cut  off.  He 
alfo  remarks,  that  not  only  farinaceous  and  other  bland 
fubftances  are  found  to  be  attacked  by  infefts,  but  alio 
jalap,  fcammony,  hemlock,,  and  the  mod  deadly  vc« 
getable  poifons.     Even  cantharides  arc  greedily  dc* 

•  Fordyce  on  pigeftion,  p*  |22. 

Yourcd 


C!u4).3V*l  Gbezari  in  Fowfs.  315 

▼oared  by  two  fpccics  of  infe£tsy  not  piut  of  them 
fncked  out  from  other  parts^  but  the  whole  cntirelyt 
widiout  leaving  a  veftige  of  any  the  leaft  part  of  the 
cantharis  undevoured.  Dn  Fordyce  has  procured 
thele  infeds  from  cbelk  of  canrharidcs  imported  from 
Sicily,  and  which  had  lived  upon  the  cantharis  for  Ic* 
▼era!  months.  After  being  wafhed  with  water  (lightly, 
thcie  infefts  have  juices  perfectly  bland^  fo  that  if  tbqr 
"Bxc  bruifed  and  applied  to  any  the  moft  tender  and  fen- 
fible  fur&ce  of  the  human  body,  they  produce  no  in- 
flammation, nor  is  there  any  appearance  of  their  poC- 
fefljog  any  matter  having  a  llimulating  quality* 

There  are  two  different  procefles,  which  in  genenl . 
feem  eOential  to  digeftion;  viz.  trituration  and  the 
aAion  of  a  certain  fluid  or  menftruum.  All  quadni- 
.peds  are  fiirnifhed  with  teeth,  by  which  they  in  feme 
ineafure  deftroy  the  texture  of  their  food  before  it 
pafles  into  the  flomach.  The  inftrument  of  trituration 
in  granivorous  fowls,  and  which  anfwers  the  purpoles 
of  the  teeth  of  quadrupeds,  is  the  gizzard,  through 
which  all  their  fc/od  pafTes,  before  it  enters  the  orgao, 
which  may  properly  be  denominated  their  ftomaeh. 
Among  fowls,  however,  there  are  fome  which  have 
g^  ftomaeh  purely  membranous,  as  the  eagle,  the  hflwk« 
and  birds  of  prey  in  general,  Thefe  have  neither 
gizzard  nor  teeth,  but  they  are  fbrniflied  with  a  ihai!|p 
and  crooked  beak,  which,  by  tearing  their  food  to 
pieces,  ferves  in  fome  meafure  to  prepare  it  for  die 
aAion  of  the  other  inftrument  of  digcftion,  a  fluid 
endued  with  peculiar  qualities,  and  which,  as  fiu*  as 
our  obfervations  extend,  feems  to  be  in  common  to  all 
animals. 

The  gizzard  is  an  organ  compofed  of  very  chick, 
and  ftrong  mufcles ;  it  is  lined  internally  with  a  fub« 
(lance  fo  thick  and  callous  as  not  to  be  hurt  by  grind- 
ing 
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ing  down  glafs,  and  which  is  always  found  to  contain 
fmali  ftones  of  the  hardeft  materials  the  bird  can  pro- 
cure. By  the  help  of  thcfc  ftones,.  and  by  means  of 
the  hard  internal  coat  of  the  gizzard,  and  the  force  of 
its  mufcular  coat,  the  food  is  effefbually  ground  down, 
and  fitted  for  entering  the  intcftines. 

*  Spalanzani,  and  others,  have  denied  (fays  Dr.  For- ' 
dyce)'  that  they  were  of  this  ufe,  and  have  affirmed 
that  the  ftones  were  picked  up  by  mere  accident,  the 
animals  miftaking  them  for  feeds.     But  I  have  ex- 
amined this  partiailarly  in  experiments  I  made  in 
hatching  eggs  with  artificial  heat  j  I  have  hatched  vaft 
numbers,  and  frequendy  have  given  the  chickens  fmall 
feeds  whole,  taking  care  that  they  (hould  have  no 
ftones.     In  this  cafe  the  feed  was  hardly  digeftcd,  and 
many  of  the  chickens  died.     With  the  fame  treat* 
ment  in  every  rtfpeft,  others  who  had  their  fccd$ 
'ground,  or  have  been  allowed  to  pick  up  ftones,  have 
•^one  of  them  been  loft.    With  tolerable  care,  when 
common  chickens  are  once  hatched  by  artificial  heat, 
they  are  eafily  brought  up  without  a  hen,  as  by  inftinft 
they  will  keep  in  that  part  of  the  furnace  where  there 
is  the  proper  degree  of  heat,  and  the  proper  exp^fure 
to  air.     Inftinft  alfo  teaches  them  what  fubftances 
they  (hould  choofe   for  food,  and  what  quantity  of 
ftones  it  is  neceflliry  to  intermix  with  it.     For  if  a  very 
large  quantity  of  fmall  ftones  is  mixed  with  a  fmall 
proportion  of  grain,    they  will  pick  out   the  grain, 
fo  that  the  proportion  of  ftones  which  they  fwallow 
fhall  be  very  little,  if  at  all  greater  than  when  only  a 
few  were  intermixed.     In  thofc  1  examined  the  pro- 
portion of  ftones  were  not  at  all  greater  when  there 
was  a  large  quantity  of  them  mixed  with  the  grain, 
than  when  there  was  a  fmall  proportion ;  and  I  have 
of^n  obierved  them  choofing  one  piece  of  ftone,  and 
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rejeiSting  another.  Birds  have  alfo  an  evident  inftjnd 
even  to  diftinguifli  one  kind  of  earth  from  another,*  as 
may  ealily  be  I'ccn  in  Canary  birds ;  the  hen,  at  the 
rime  of  her  laying  her  e^s,  requires  a  quantity  of  cal- 
careous earth,  otherwile  (he  is  frequently  killed  by  the 
eggs  not  palling  forward  properly,  as  I  have  in  many 
inftances  obferved ;  to  one  fet  of  hens  a  piece  of  old 
mortar  was  given,  which  they  broke  down  and  fwal- 
lowed^  certainly  not  miftaking  it  for  Canary  feed,  or 
any  kind  of  food,  but  diftinguifliing  it  from  a  piece  of 
brick,  which  they  did  not  either  break  down  or  fwal- 
law ;  another  fee  at  the  fame  time  were  kept  withouc 
any  calcareous  earth ;  many  of  thefe  died,  while  the 
others,  although  otherwife  exadily  in  the  fame  circum* 
ilances,  were  none  of  them  loft.  It  appears  tlierefone 
that  birds  have  a  necelTity  for  ftones  being  fwallowed. 
for  digeftion,  and  earths  for  other  purpofes,  and  that 
they  have  an  inftindb  which  difpofes  them  to  choofe  the 
|iroper  quantity  and  quality  required.  Moreover^  as 
Mr.  Hunter  obferves,  the  noifc  of  the  grinding  may  be 
heard,  and  therefore  there  can  be  no  doubt  that  this 
itomach  is  made  to  contain  flones  for  the  fame  pur» 
pofes  for  which  teeth  are  employed  *.* 

The  lobfter  is  furniflied,  for  the  comminution  of 
its  food,  with  an  apparatus  which  is  fituated  at  the 
pylorus.  It  confifts  of  two  bony  furfaces,  form.ed  into 
ridges,  which  are  applied  to  each  other  like  thofc  of 
the  molares.  They  are  alfo  covered,  like  our  teeth^ 
with  enamel,  and  furnilhed  with  mufeles,  by  which  die 
aftion  of  grinding  is  performed. 

In  order  to  difcover  the  pov/er  of  the  gizzard, 
Reaumur  gave  to  a  turkey  fmall  tubes  of  glafs,  five 
lines  in  length  and  four  in  diameter  j  thefe  *  ere 
broken  in  the  gizzard  in  twenty-four  hours.  In  the 
place  of  glafs  tubes  he  fubftituted  tubes   of  tiiined 

•  Fordyce  on  Digcftion,  p,  24,  Uc, 
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iron,  (even  lines  in  length  and  two  in  diameter^  cloM 
with  fidder  at  each  end.  Some  of  thefe  were  indented 
by  the  aftion  of  the  gizzard^  and  others  crufiied  quite 
flat*  Similar  tubes,  placed  between  the  teeth  (^  a 
vice,  required  a  force  of  four  hundred  and  thirty-fix 
pounds  and  a  half  to  produce  the  fame  effeffcs. 

Jnclofing  in  tin  tubes,  properly  perforated,  fome 
grains  of  barley,  feme  unboiled,  fome  boiled,  and 
others  peeled,  and  letting  them  remain  a  day  or  two 
in  the  ftomach,  he  found  them  only  a  little  fwelled. 
The  fame  experiment  being  tried  with  meal,  the 
fame  confcquences  were  obferved,  as  it  did  not 
become  in  the  fmalleft  degree  putrid.  From  thefe 
experiments  Reaumur  concluded,  that  digeflion,  in 
birds  provided  with  a  gizzard,  was  chiefly  performed 
by  means  of  trituration. 

Such  are  the  powcfs  of  the  gizzard ;  but  thofe  of 
die  membranous  flt>mach,  though  of  a  very  difierent 
nature,  are  not  Icfs  aftonilhing.  It  is  well  known  that 
birds  of  prey,  which  fwailow  every  part  of  the  animal 
they  devour  without  much  diftinftion,  have  the  power 
of  throwing  up  fuch  parts  of  their  food  as  they  can- 
not digeft.  Taking  advantage  of  this  circumftancci 
the  fame  naturalift  gave  tubes,  fimilar  to  thofe  above 
mentioned,  and  filled  with  flcfh,  to  a  buzzard  hawkj 
in  twenty-four  hours  the  tubes  being  thrown  up,  the 
meat  which  they  contained  was  reduced  to  an  oily 
pulp,  and  with  no  appearance  of  putridity.  At  the 
end  of  forty-eight  hours,  the  decompofition  was  ftill 
more  perfecl,  the  pulp  was  more  attenuated  and 
blanched,  and  that  conftandy  without  any  fmell.  The 
tubes  being  filled  with  the  bones  of  young  pigeons, 
inftead  of  butcher's  meat,  thefe  were  converted  into  a 
jelly  in  twenty-four  hours.  Beef  bones,  very  hard, 
and  deprived  both  of  flcfli  and  marrow,  out  of  forty 
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gruns  ioft  eight  in  twenty-four  hours,  and  in  three 
dajrs  were  totally  diflblved.  Grain  and  fruit  expofcd 
CO  the  lame  procefs,  were  very  litde  if  at  all  aflecled. 
Digeflionj  therefore,  in  birds  of  prey  is  performed 
by  a  fluid,  which  a£ts  only  upon  animal  matter.  This 
fluid  is  very  abundant  in  the  (lomachs  of  theie  ani* 
mals.  Small  pieces  of  fponge,  of  thirteen  grains,  (hut 
up  in  die  tubes,  weighed  direc  grains  more  when 
ibrown  up* 

Notwithftanding  thefe  efFefts  of  the  digeftivc  or- 
gans, the  motions  of  the  ftomach  and  che  gizzard  nrc 
icarcely  perceptible.  There  is  reafon,  however,  to 
believe,  that  die  little  motion  they  have  is  very  re- 
gular. On  examining  the  furface  of  the  balls  of  hair 
which  are  found  in  the  ftomachs  of  animals  which 
lick  their  coats,  the  hairs  in  each  hcmifphere  ieem  to 
aiife  fit)m  a  center,  and  to  have  the  fame  direftion^ 
which  is  circular,  and  correfponding  widi  what  would 
appear  to  be  the  axis  of  motion.  This  regularity  in 
die  diredion  of  the  hair  could  not  be  produced  if 
there  was  not  a  regularity  in  tlie  motion  of  the  ilomach. 
The  fame  is  proved  in  fome  birds,  as  che  cuckow, 
which  fomedmes  feeds  on  hairy  caterpillars. 

The  principal  inftrument  of  digeftion  in  moft  ani* 
nials,  is  however  now  generally  fuppofed  to  be  the 
gaftric  juice ;  a  Quid  which  diftils  from  certain  glands, 
fituated  in  the  coats  of  the  ftomach,  and  mixes  with 
the  food  as  foon  as  it  is  received  into  that  organ. 

The  Abbe  Spalanzani,  in  order  to  obtain  a  fight  of 
the  gaflric  juice,  introduced  tubes,  containing  bits  of 
ipooge  into  the  ftomach  of  a  crow.  In  four  hours 
the  tubes  were  vomited  up,  and  the  fponges,  being 
prefied,  yielded  thirty-feven  grains  of  gaflric  liquor, 
which  was  frothy,  of  a  turbid  yellow  colour,  had  a 
tafle  intermediate  between  bitter  and  fait,  and  being 
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fee  to  (land  in  a  watch  glafs,  depofited  in  ,a  few  hoursj 
a  copious  fediment.  As  the  fedhnent  might  be  attri- 
buted to  the  food  fufpended  in  the  gaftric  juiccj  the 
experiment  Was  repeated  on  a  crow,  the  ftomach  of 
which  was  ennpty.  The  fluid  obtained  in  this  cafe 
was  of  a  tranfparent  yellow  colour^  depofited  very 
little  fediment,  but  the  tafte  was  the  fame;  The 
gaftric  juice  did  not  burn  when  thrown  on  hot  coals, 
and  paper  moiftened  with  it  would  not  burn  till  the 
fluid  was  evaporated. 

The  motion  of  the  ftomach  alfo  afllfts  in  mixing 
and  intimately  blending  this  fluid  with  the  proper  parts 
of  the  aliment,  fo  as  to  enable  its  folvcnt  powers  more 
completely  to  aft  upon  it.  The  fenfible  qualities  of 
this  fluid  are,  however,  not  fuch  as  to  lead  us  to  at- 
tribute to  it  any  fuch  power ;  and  I  do  not  know 
that  it  has  been  completely  analized  by  any  chemical 
procefs,  at  leaft  by  any  which  enables  us  to  explain 
its  folvcnt  property.  A  French  *  author,  indeed,  ob- 
ferving  the  power  which  inflammable  air  has  in  dif. 
folving  the  texture  of  animal  matter,  has  intimated 
an  opinion,  that  a  portion  of  the  oily  matter  which 
is  taken  in  with  the  food,  may  be  modified  by  the 
ftomach  into  inflammable  air,  and  may  perform  this 
part  of  the  procefs  of  digeftion. 

Digcflion  difiers  from  all  other  proceflcs,  and  can 
be  compared  neither  to  putrefaftion  nor  chemical 
folution.  A  remarkable  circumftance  alfo  with  regard 
to  digeftion  is,  that  by  it  both  animal  and  vegetable 
matter  is  converted  into  the  fame  fubftance. 

Dr.  Fordyce  fed  a  dog  with  farinaceous  matter,  arid 
another  with  rnufcle,  and  opening  them  both  (in 
which  he  does  not  appear  to  have  been  juftifiable) 

*  M.  Sage. 
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during  the  time  that  the  chyle  was  flowing  through 
the  ladcals,  he  collefted  from  each  as  much  chjrie 
as  he  was  able.  On  exaitiination  they  were  found  (b 
fimilar,  that  the  difference  could  not  be  diftinguiihed 
by  any  experiment  which  he  could  contrive.  The 
chyle  of  a  cat  living  on  flefh,  according  to  the  fame 
gendenun,  cannot  be  diftinguiihed  from  that  of  an 
ox  or  (heep. 

Live  or  frefh  vegetables,  when  taken  into  the  fto- 
mach,  are  firft  killed,  by  which  a  fiabbinefs  of  tex- 
ture is  produced,  as  if  they  had  been  boiled,  and  then 
they  begin  to  be  afted  on  by  the  gaftric  juice.  This 
fluid,  indeed,  feems  to  have  ilo  power  to  aA  on 
living  matter,  fince  worms  remain  uninjured  in  the 
Homach.  Digellion,  however,  as  far  as  relates  to  the 
difiblution  of  aliment,  may  be  carried  on  out  of  the 
body  by  means  of  the  gaftric  juice,  and  the  applica- 
tion of  heat  equal  to  that  of  the  human  body.  This 
proceis  is  continued  for  fome  time  after  death,  and  the 
ftomach,  no  longer  protedted  by  the  living  principle, 
is  itfelf  partially  diflblved  by  the  gaftric  juice. 

In  the  ftomochs  of  large  fifh  are  commonly  found 
fmall  Allies,  ftill  retaining  their  natural  form;  but 
when  touched,  they  melt  down  into  a  jelly.  From 
this  circumftance,  and  from  the  great  quantity  of 
fluids  poured  into  their  ftomachs,  we  may  conclude, 
that  digeftion  is  folely  effedled  in  them  by  the  dif- 
Iblving  power  of  a  menftruum,  without  the  aid  of 
trituration. 

Neither  animal  nor  vegetable  fubftances  can  undergo 
theu*  ^ntancous  changes,  while  digeftion  is  going  on 
in  them.  The  gaftric  juice  even  has  a  power  of 
recovering  meat  already  putrid  $  for  let  putrid  meat 
be  given  to  a  dog,  and  the  contents  of  his  ftomach 
trill  be  found  fweet,  and  (rce  from  all  putrefaftion. 
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if  he  is  killed  a  fliort  rime  after.  Bread,  which  has 
remained  in  the  ftomach  of  a  dog  for  eight  hours,  is 
fo  much  changed,  that  it  will  not  run  into  the  vinous 
fermentation,  but  when  taken  out  and  kept  in  % 
warm  place  becomies  putrid.  Its  putrefadtioiiy  how* 
tvtYy  is  not  fb  quick  as  that  of  a  folution  of  meat 
which  has  been  in  the  ftomach  for  fome  time.  The 
effects  are  (imilar  when  milk  and  bread  are  the  food. 

When  the  digeftive  power,  however,  is  not  perfeA, 
then  the  vinous  and  acetous  fermentation  will  take 
place  in  vegetable  matters,  and  die  putrefaftive  in 
the  ftomachs  of  animals  which  live  wholly  on  flcfli. 
The  gaftric  juice  apparently  preferves  vegetables  from 
running  into  fermentation,  and  animal  fubftances  from 
putrefa£tion,  not  from  an  antifeptic  quality  in  that 
fluid,  but  from  a  power  of  making  them  go  through 
another  procefs.  In  moft  ftomachs  there  is  an  acid, 
even  though  the  animal  has  lived  entirely  upon  meat 
for  many  weeks  j  this,  however,  is  not  always  the 
cafe.  The  acid  fometimes  prevails  fo  much  as  to 
become  a  difeafe. 

The  ftomachs  of  many  animals  have  a  powei*  of 
coagulating  milk ;  this  is  continually  feen  by  infants 
throwing  up  their  milk  in  a  coagulated  ftate,  and  the 
ikme  thing  may  be  obferved  by  feeding  a  dog  with 
milk,  and  killing  him  half  an  hour  afterwards.  The 
ftomach  of  the  calf,  and  perhaps  that  of  other  animab, 
preferves  diis  power  after  dearli,  and  is  kept  dried,  for 
the  purpofe  of  making  checfe.  Indeed  milk,  raw 
t^y  and  feveral  other  fubftances,  require  to  be  coagu- 
laEed,  before  thev  can  be  digeftcd. 

If  we  throw  milk  into  a  portion  of  the  jejunum, 
that  milk  will  be  abforbed  by  the  laftcals ;  but  if  wc 
throw  miik  into  the  ftomach  of  the  fame  animal,  the 
iTiiik  will  not  be  abforbed  by  the  lymphatics  s  there* 
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fore  an  argument  might  be  brought,  that  the  abfor- 
bents  of  the  ftomach  would  reflife  what  the  abforbents 
of  the  jejunum  would  readily  take  up.  But  it  rnuft 
be  confidered  thar  the  milk  is  inftandy  coagulated  in 
the  ftomach,  and  not  in  the  jejunum,  which  coagula- 
rion  will  perfeftly  prevent  it  from  being  abforbed  j  but 
all  thofe  fubftances  which  are  not  changed  by  the 
coagulating  juice  of  the  ftomach  will  be,  and  arc 
equally  taken  up  by  the  lymphatics  in  the  ftomach 
and  ladeals.  There  is,  therefore,  a  converfion  of  the 
food  in  the  ftomach  into  a  new  fubftance,  whofe  pro- 
perties are  at  prcfent  unknown,  which  new  fubftance  is 
the  only  one  which  can  be  converted  into  chyle  in  the 
duodenum  and  jejunum,  exa6tly  as  we  may  form  fari- 
naeeous  matter,  mucilage,  and  native  vegetable  acid  into 
wine  I  but  before  they  can  polTibly  be  converted  intof 
vine,  they  muft  firft  be  formed  into  fugar.  So  in  a 
fimilar  manner  farinaceous  matter,  gum,  and  white  of 
cgi^  are  all  capable  of  forming  chyk  s  but  before 
they  are  formed  into  chyle,  they  muft  be  converted 
into  a  matter  certainly  not  fugar,  but  a  matter  of  a 
particular  fpecics  in  the  ftomach,  and  by  the  ope- 
ration of  the  ftomach,  this  particular  fpccies  of  matter 
is  afterwards  converted  into  chyle  in  the  duodenum  and 
jejunum. 

Dr.  Young,  of  Edinburgh,  found  chat  an  infufionof 
the  inner  coat  of  the  ftomach,  which  had  been  pre- 
▼ioufly  wafhed  with  water,  and  then  with  dilute  folu- 
don  of  mild  fixed  vegetable  alkali,  fo  that  it  was  not 
pofEbic  that  any  acid  could  have  remained  in  it,  coa- 
gulated milk  very  readily*  He  found  alfo  that  it  had 
the  power  of  coaguladng  ferum,  and  other  animal  mu- 
cilages. The  coagulatmg  power  of  this  fubftance  is 
Tcry  great.    Dr.  Fordyce  mentions  that  fix  or  feven 
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grains  of  the  inner  coat  of  the  (lomach  infufed  in  wa^ 
tery  gave  a  liquor  which  coagulated  more  than  a 
hundred  ounces  of  milk. 

All  fcnnentation  is  quite  foreign  to  perfeft  di- 
geftion,  and  when  it  does  take  place,  is  always  propor-* 
tioncd  to  the  diforder  of  the  ftomach,  fince  very  little 
if  any  wind  or  flatulency  is  generated  in  the  ftomachs 
of  thofe,  whofe  digeftion  is  mod  quick  and  cafy.  It 
is  not  uncommon,  however,  for  milk,  vegetableSi 
wine,  and  whatever  has  fugar  in  its  compofition,  to 
become  fooner  four  in  feme  ftomachs  than  if  left  to 
undergo  a  fpontaneous  change  out  of  die  body ;  and 
even  fpirits,  in  certain  ftomachs,  almoft  immediately 
degenerate  into  a  very  ftrong  acid.  All  oily  fubftanccs, 
particularly  butter,  become  rancid  very  foon  after  being 
taken  into  the  ftomach,  and  this  rancidity  is  the  firft 
proccfs  in  the  fermentation  of  oil.  Animal  food  docs 
not  fo  readily  ferment  in  difeafed  ftomachs,  when  com- 
bined with  vegetables,  as  when  it  is  not.  Flefh  meat 
appears  to  undergo  no  change  preparatory  to  digeftion, 
but  feems  at  once  to  fubmit  to  the  aftion  of  the  gaftric 
juice.  It  appears  firft  to  lofe  its  texture,  then  becomes 
of  a  cineritious  colour,  next  gelatinous,  and  laftly,  is 
converted  into  chyle. 

In  order  to  afcertain  whether  the  produftion  of 
any  degree  of  acidity  is  elientlal  to  digeftion,  Dr.  For- 
dyce  made  fevcral  experiments,  from  which  he  con- 
cludes, that  in  perfeft  digeftion  no  acidity  whatever  is 
produced. 

If  the  gaftric  juice  is  applied  to  a  fubftancc  ont  of 
t!ic  body,  in  a  proper  temperature,  it  will  produce 
changes  in  it»  fimilar  to  thofe  which  take  place  in  the 
corfimcncement  of  digeftion  ;  but  by  applying  gaftric 
jiiicc,  the  watery  fluids  of  the  ftomach^  the  faliva^  the 
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bile,  the    pancreatic  juice,  altogether  or  feparately, 
in  00  cafe  has  chyle,  or  any  thing  like  it,  been  formed. 

It  is  not  yet  afcertained  what  are  the  circum{lanc«s 
's^hich  contribute  to  render  different  articles  ufed  as 
foodj  digeftible  or  indigeftible.  Something  is  un- 
doubtedly to  be  afcribed  to  firmnefs  of  texture,  fince 
cuticle,  hprn,  hair  and  feathers,  which  are  indigeftible 
in  their  natural  ftate,  became  digeftible  and  nutritious 
when  reduced  to  a  gelatinous  form  by  Papin's  digefter. 
That  the  folubility  or  infolubility  of  a  fubflance  in  the 
Aomaqh  is  not,  however,  merely  owing  to  the  degree 
-of  folidity,  is  proved  from  a  circumftance  already 
mentioned,  viz.  that  boiled  barley  was  not  adbed  on 
by  the  gaftric  juice  of  a  buzzard  hawk,  while  pieces  of 
hard  beef  bone,  expofed  to  itsa&ion  in  the  fame  man- 
ner, were  completely  diflblved.  But  fubftances  may 
even  be  rendered  too  foft  i  for  a  fluid  is  difficult  of 
digcftion,  and  its  continued  ufe  very  injurious  to  the 
ilomach.  It  may  be  remarked,  that  nature  has  given 
us  very  few  fluids  as  articles  of  food.  It  therefpre 
feemi,  that  fubftances  may  be  either  too  compaft  or 
too  lax  in  their  ftrudure,  to  render  them  fit  fuftjefts  to 
be  aftcd  on  by  the  digeftive  powers. 

The  degree  of  cafe,  however,  with  which  fubftances 
are  digefted,  feems  in  many  cafes  owing  to  a  differ- 
ence in  folidity.  Brain,  liver,  mufcle,  and  tendon 
are  digeftible  in  the  order  in  which  they  are  here  in- 
ferred. Boiled,  roaftcd,  and  even  putrid  meat  is  eafier 
of  digeftion  than  raw.  Hufks  of  feeds  and  the  hulls 
of  fruits  are  indigeftible  in  their  natural  ftate,  but  to 
what  circumftance  this  is  owing  is  not  fully  afcer- 
tained. The  whole  of  our  food  is  fometimes  not  di- 
gefted ;  this  may  arife  from  twp  caufes,  either  from 
fome  parts  of  the  food  being  of  too  firm  a  texture  to 
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be  diflblved  fo  fbon  as  the  other  parts  are  converted 
into  chyle  and  carried  into  the  duodenum  :  or  froni 
the  ftomach  being  fo  much  difordered  as  to  digeft  im-r 
perfeftly.  This  difordcr  of  the  ftomach  fometime^ 
proceeds  fo  far,  that  the  food  pafies  through  the  bod^ 
almofl  unchanged.  In  fome  cafes  food  has  been  fo* 
tained  on  the  ftomach  for  twenty rfour  hours^and  thrown 
up  without  being  altered  in  the  leaft. 

The  eftential  oils  of  animals  and  vegetables  are 
indigeftible  j  they  are  foluble,  however,  either  in  the 
gaftric  juice  or  the  chyle,  by  which  means  they  be- 
come medicinal .  from  their  ftimulant  powers.  The 
eflential  oils  of  vegetables,  but  more  particularly 
thofe  of  animals,  feem  to  pervade  the  very  fubftance 
of  the  animals  whofe  food  contains  much  of  them. 
Thus  fea  birds,  which  feed  on  fifli,  tafte  very  ftrongly 
of  them,  and  thofe  which  live  on  that  food  only 
during  certain  times  of  the  year,  as  the  wild  duck, 
have  that  tafte  only  at  certain  feafons.  Two  ducks 
were  fed,  one  with  barley,  the  other  with  fprats 
for  about  a  month,  and  killed  both  at  the  fame 
time ;  when  dreffed,  that  fed  on  fprats  was  hardly 
eatable. 

Animals  eat  lefs  in  proportion  as  their  food  is  more 
nutritious.  Thus  carnivorous  animals  require  much 
Jefs  food  than  the  granivorous,  and  thefc,  than  the 
graminivorous  i  animals,  indeed,  of  the  laft  kind,  cm- 
ploy  almoft  the  whole  of  their  time  in  eating.  A 
correfponding  relation  is  alfo  obferved  with  refpeft  to 
the  digeftive  organs  in  thefe  feveral  races  of  animals ; 
carnivorous  animals  have  only  one  ftomach,  grani- 
vorous animals  very  generally  two,  and  graminivorous 
animals  four  ftomachs,  with  a  greater  length  of  in- 
teftines.    From  which  circumftance$  it  may  be  co|- 
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kded^  diac  grafe  is  more  difEculdy  alCmilaced  than 
grain,  and  grain  dian  fleOi. 

The  firft  ftomach  in  ruminant  animals,  fuch  as 
the  bull,  the  fheep,  &c.  is  a  receptacle  which  has  a 
very  weak  adlion  on  the  food,  and  from  it  the  ani- 
mal has  the  power  of  returning  the  food  into  the 
mouth,  to  undergo  a  fccond  mafticadon.  In  Mr. 
Hunter's  paper  on  Digcftion,  publiflicd  by  the  Royal 
Society,  there  is  die  following  curious  obfcrvation, 
which  illuftrates  very  much  the  ufe  of  thefe  previous 
ftoqiachs :  milk  fucked  in  by  the  calf  does  not  remain 
in  any  of  the  previous  (lomachs,  but  pafles  down  in* 
ftantly  into  the  digeiling  (lomach,  not  requiring  any 
previous  operation ;  but  grafs  remains  for  a  length  of 
time  in  the  previous  (lomachs. 

If  it  is  allowable  to  extend  our  views  beyond  the 
animal  kingdom,  we  might  fancy  that  the  digeflive 
procef^  in  vegetables  is  dill  more  difficult  than  it  is 
in  die  graminivorous  animals,  fince  vegetables  are 
continually  taking  in  nourifhment,  and  confume  an 
immenfe  quantity  of  air  and  water  in  proporrion  to 
their  growth  and  bulk.  When  vegetables,  howe- 
ver, are  furnifhed  with  matter  which  has  undergone 
more  preparation  than  mere  air  and  water,  viz.  pu- 
trified  vegetable  matter,  their  growth  is  far  more  rapid'; 
and  they  flourilh  ftill  more  on  the  remains  of  the  ani- 
mal kingdom. 

Sleeping  animals  do  not  digeft  during  winter. 
Worms  and  pieces  of  meat  were  conveyed  down 
the  throats  of  lizards,  which  were  going  into  winter 
quarters,  and  which  were  afterwards  kept  in  a  cool 
place.  On  opening  the  animals  at  different  periods, 
the  fubftances  were  found  entire  and  without  altera- 
tion.  Some  of  the  lizards  voided  them  in  the  Ipring 
with  little  or  no  alteration  produced  in  thcnn*     Di- 

y  4  g^i<^' 
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gcftion  IS  therefore  regulated  by  the  ftatc  of  the  other 
fiinftions  of  the  body  *. 

By  hunger  and  cuftom  animals  may  be  taught  to  eat, 
and  even  to  prefer,  a  very  differjcnt  kind  of  food  froni 
that  naturally  defigned  for  their  nourifhment:  thus 
pigeons  have  been  made  to  live  entirely  on  flefh. 
Whether  the  gaftric  juice  is  altered  in  its  nature  by  a 
difference  of  food,  or  in  what  other  way  the  fyfteni 
accommodates  itfelf  to  fuch  a  change,  it  is  not  eafy  to 
determine. 

f  punter  on  Digeflion.r-'See  his  volume  on  the  Animal  Economy, 
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Chap.     XXXII. 

RESPIRATION    AND    ANIMAL  HEAT. 

I 

Jte^irattM  in  fart  an  invaJuntary  FunSIicr.. — Four  Stages  tf  RfJ^rm^ 
tion,i-^Ujes  of  Re/pirathn, — Rcfpiratizn  cf  Irr/.iis  different  from 
that  rf ether  Animah.^^The  red  Colour  cftbe  Bleed  deri*vedfrcm  the 
Jir  ijf  Refpiraticn.'^Dr.  Priefuey*s  Expcrinuiit:,^^Dr,  Gc^.d-jiyn^i 
Experiment s.^^Tbc  cx\g:ncus  Part  tf  the  Air  diminijhed  by  Refpi* 
ration,^^Fixed  Air  generated  in  tb:  Lungs  i:i  Rtfpiration  and 
expired,-^ Animal  Heat  produced  by  Rcfpiration,'-^Inj}anced  in 
different  Animals,'^  Dr,  Craiufcrd^s  ixgenious  Theory » 

UNINTERRUPTED  relpiration  being  ncccflary 
to  oar  exiftence,  it  is  wifely  ordained,  that  thU 
fundlion  Ihould  be  fo  far  involuntary  as  no:  to  require 
a  continual  and  irkfome  attention.  For  other  pur- 
pofes,  as  that  of  fpeech,  rcfpiration  is  no  lefs  wifely 
fubmitted  in  fome  mealiire  to  our  ciircclion,  fo  that 
within  certain  limits  we  can  accelerate  or  retard  it  at 
pleafure.  We  are  fufficicntiy  prevented,  however, 
from  fulpending  rcfpiration  to  K:ch  an  extent  as  to  in- 
terfere witli  other  proccflis  abfjluttly  neceffary  to  the 
fupport  of  life,  by  being  fijojefted,  whenever  we  ceafc 
to  breathe,  to  a  fcnfatioa  inexprefTibly  diftreffing,  and 
which  compels  us  to  ufe  every  effort  in  our  power  to 
inhale  air  into  the  lungs. 

The  thorax,  or  that  bony  cafe  which  furrounds  and 
protects  the  lungs,  is  furnifhcd  with  a  number  of 
mufcles,  fome  of  which,  by  drawing  the  ribs  upwards, 
enlarge  its  capacity,  and  others,  by  drawing  them 
downwards,  diminifti  it.  Its  capacity,  however,  is  ftill 
more  influenced  by  the  mufcular  organ  called  the  dia- 
phragm, which  from  the  brcaft  bone  and  lower  ribs 

pafTes 
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pafTes  obliquely  downwards  to  the  loins,  and  feparates 
the  thoracic  from  the  abdominal  vifcenu  By  the 
contraction  of  the  diaphragm,  the  abdominal  vifccn 
are  prcfled  downwards  and  forwards,  by  which  the 
lungs  are  permitted  to  expand  themfelves  in  the  f^e 
diredion  \  when  the  diaphragm  is  relaxed,  and  the 
abdominal  mufcles  are  thrown  into  adion,  a  dircAly 
oppofite  motion  takes  place  ;  the  vifcera  of  the  abdo* 
men  are  prelTed  upwards  and  backwards  againft  the 
lungs,  from  which  part  of  the  air  is  confequently  ex- 
pelled. 

The  air,  which  is  to  be  confidered  as  pofieifing 
many  properpes  in  common  with  other  fluids,  poflfcfles 
this,  that  by  its  weight  it  enters  where  it  is  leaft  rc- 
fifted.  Part  of  the  refiftance  to  the  entrance  of  the  tir 
into  the  lungs  being  taken  ofF  by  the  aAion  of  the 
mufcles  dilating  the  thorax,  it  ruflies  in  through  the 
windpipe,  in  the  fame  manner  as  it  ruflies  into  the 
cavity  of  bellows,  when  the  boards  are  feparated 
from  each  other,  Infpiration  and  expiration  therefore 
are  not  performed  by  the  lungs  themfelves,  fince  air 
would  be  equally  drawn  into  and  expelled  from  the 
cavity  of  the  thorax  when  deprived  of  lungs,  fup- 
pofing  that  the  parts  of  the  thorax  could  be  made  to 
perform  their  motions  pcrfedly  well  after  death.  The 
lungs  may  therefore  be  compared  to  the  cavity  of  bel- 
lows filled  with  any  downy  fubftance,  the  bones  of  the 
thorax  to  the  boards  of  the  bellows,  and  the  mufcles 
of  die  thorax  to  the  hands  by  which  the  bellows  are 
moved. 

Rcfpirarion  may  be  divided  into  four  ftages  or  pe- 
riods ;  firft,  infpiration ;  fccondly,  a  paufe  when  the 
longs  are  filled  \  thirdly,  expiration  ;  and  laftly,  a  paufe 
when  the  lungs  are  emptied.  We  are  equally  ftimu- 
lat'^d  to  infpirapion  and  expiration  by  a  fenfation  of 

unealineQ^ 
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uneannels^  but  that  which  is  felt  when  the  lungs  are 
kept  too  long  inflated  after  a  full  infpiration>  is  of  a 
diflfcrent  kind  fronn  that  which  is  perceived  when  dicy 
arc  preferved  too  long  empty  after  cxpirarion.  In  the 
former  cafe  the  uncafmefs  is  referred  to  the  head,  in 
'  the  latter  to  the  chefl.  To  what  thefe  feolations  are 
owing  we  cannot  altogether  determine ;  they  arc  pro- 
bably, however,  to  be  attributed  to  the  anterior  cavi* 
tics  of  the  heart  and  the  veflels  of  the  head  hong 
overloaded  with  blood,  which  cannot  fo  readi^  pift 
throu^  the  lungs  while  their  motion  is  fufpendeiL 
The  truth  of  this  opinion  is  much  confirmed  by  the 
flufhing  of  the  face,  and  the  burfting  of  blood  veflels, 
which  fbmedmes  happens  from  impeded  refpiration. 

The  air,  after  paflTing  through  the  windpipe,  is  con^ 
ycycd  by  its  ramifications  to  the  air  veflels  of  the  lungs. 
/ihcT  infpiration  the  air  veflels,  which  are  to  be  con- 
iidered  as  very  minute  bladders  with  thin  coats,  are 
fully  diftended.  The  minute  and  very  numerous  ra- 
mifications of  the  pulmonary  artery  are  diftributed  on 
the  membranes  of  thefe  air  vefTels  ;  and  through  the 
membranes,  without  coming  into  direft  contaft  with 
che  blood,  the  air  produces  thofe  changes  on  it,  which 
*  jirc  found  to  be  ablblqtely  neceflary  for  the  continu- 
ance of  life. 

The  chief  ufes  of  refpiration,  as  far  as  our  know  • 
ledge  extends,  arc,  ift.  To  effcft  certai/i  changes  in 
the  mafs  of  blood;  and  ad.  To  produce  animal  hear. 
Thelc  effcfts,  though  no  doubt  intimately  xonneded, 
I  (hall  take  the  liberty  of  confidering  feparately,  for 
|hc  fake  of  greater  pcrfpicuity. 

The  compolition  of  the  atmofphere  has  already  been 
defcribed,  and  it  is  at  prefent  only  necefTary  to  remind 
the  reader,  that  rather  lefs  than  three -fourths  of  the 
fCipoiphere  is  azotic  gas,  rather  more  than  one  fourth 

oxygen 
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oxygen  gas^  and  one  or  two  parts  in  the  hundred  fixed 
air.  The  azoce  is  not  proved  to  have  any  cfTeft  in 
refpiration,  and  fccms  to  be  merely  a  diluent  of  the 
oxygen  gas,  which  is  the  principal  agent.  7  he  fixed 
air  contained  in  the  atmofphere  is  probably  alio  com-* 
plctely  inert  with  refpeft  to  refpiratibn.  Previous  to 
a  n^ore  particular  confideration  of  the  nature  of  this 
fundlion,  it  may  not,  however,  be  improper  to  throw 
together   a^  few   mifcellaneous  obfervations  on  that 

*  Animals  breathing  air  contaminated  by  refpiration, 
not  only  fufFer  for  want  of  the  pure  part  of  diat  air, 
which  is  deftroyed,  but  alfo  from  the  fixed  air  which 
is  produced.  Mr.  CavendiQi  afferts,  that  in  certain 
difeafes,  and  by  certain  perfons,  the  air  is  much  fboner 
rendered  unrelpirable.  According  to  the  obferyation$ 
of  Dr.  Prieflley,  infcfts  appeared  to  breathe  fixed  air, 
or  air  otherwife  contaminated,  as  readily  as  pure  air. 
Flics,  however,  and  other  winged  infcfts,  have  thepro«» 
perty  of  deftroying  the  falubrity  of  air  by  their  own 
refpiration,  as  may  be  obferved  by  confining  a  few  of 
thofe  animals  in  a  phial.  Thcfe  animals,  indeed, 
appear  Icfs  of  the  amphibious  kind,  and  much  more 
delicate,  than  when  in  the  vermiform  or  maggot 
ftate. 

Infcfts,  and  fome  exfanguious  animals,  will  cxifl 
a  confiderable  time  without  any  thing  equivalent  to 
refpiration.  The  fame  has  been  proved  to  be  the  cafe 
with  fifhes,  though  it  is  impofTible  to  define  the  limits 
of  their  exiftence. 

A  vcfiel  in  which,  when  filled  with  common  air, 
a  moufe  could  not  live  more  than  half  an  hour,  was 
filled  by  Dr.  Prieftley  with  vital  air ;  a  moufe  then 
Jived  in  it  for  three  hours,  and  being  taken  out  alive. 
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die  air  was  ftill  found  better^  by  the  nitrous  teft:^  than 
common  air. 

From  feme  experiments  made  by  Dr.  Goodwyn, 
he  concludes  that  the  lungs  contain  109  cubic  inches 
iA  air  after  a  complete  expiration  3  and  that  thi^ 
quantity  receives  an  addition  of  fourteen  cubic  inches 
by  infpiration.  The  dilatation  of  the  lungs^  therefore^ 
after  expiradon,  is  to  their  dilatadon  after  infpiradon 
as  109  to  123. 

One  infpiradon  is  commonly  performed  for  every 
fi>ur  or  five  pulfations  of  the  heart,  which  latter^  in 
different  healthy  perlbns,  vary  from  fixty  to  ninety  in 
a  minute* 

The  blood  undci^ocs  remarkable  changes  of  co- 
lour when  circulating  in  the  veflels  of  an  animal  in 
the  lungs  it  acquires  a  florid  hue^  which  is  gradually 
lofty  while  the  blood  is  paflfing  through  the  other 
parts  of  the  body,  again  to  be  reftored  in  the  lungs. 
That  the  red  colour  of  blood  is  owing  to  the  influ- 
ence of  vital  air  is  manifeft  from  actual  experiment. 
Dr.  Prieftley  introduced  different  portions  of  iheep's 
blood  into  different  kinds  of  air,  and  found  always 
that  the  blackcft  parts  aflumed  a  bright  red  colour  in 
common  air, and  more  efpeclallyin  vital  air;  whereas 
the  brighteft  red  blood  became  prefcntly  black  in  any 
air  unfit  for  refpiration,  as  fixed  air,  inflammable,  azotic, 
and  nitrous  gas,  and  after  becoming  black  in  the  hfl: 
of  thefe  kinds  of  air,  it  regained  its  red  colour  on  being 
cxpofed  to  common  or  vital  air,  the  fame  portions  be- 
coming alternately  black  and  red. 

It  is  proper,  however,  to  mention,  that  Dr.  Good- 
wyn introduced  four  ounces  of  florid  blood,  frcfh 
drawn,  into  a  glafs  receiver,  containing  fixed  air,  and 
confined  it  there  for  a confiderable  time;  and  alfo  re- 
ceived blood  from  the  carotid  artery  of  a  (beep  into  a 
X  phial 
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phial  filled  with  fixed  air,  but  in  neither  of  the  cxpe-^ 
riments  was  the  florid  colour  altered.  Thefe  expe-^ 
riments  do  not  atecord  with  thofe  of  Dr.  Pricftlcy,  but 
the  following  is  indrtljr  Confonant  with  them.  Dr; 
Goodwyn  inclofed  a  qtiantiCy  of  vital  air  in  a  glaf^ 
receiver  invencd  in  quickfilverj  and  introduced  into  it 
four  ounces  of  blood,  frefh  drawn  from  tht  jugular 
rein  of  a  ftieep ;  the  blood  bec^md  inftamly  very  florid; 
and  after  fcveral  minutes  the  quickfilver  afcended  two 
Or  fliree  lines,  which  evidently  proved/  that  whflc  the 
blood  was  altered  in  colour,-  the  air  wis  at  the  fam* 
mnt  diminifhed  in  quantity. 

It  is  well  known  that  blood,  when  it  coagulate) 
on  being  cxpofed  to  common  air,  aflunTcs  on  the  fur- 
face  a  bright  red  colour,  while  the  infidc  is  mtcii 
darker^  bordering  upon  black. 

An  objeftion,  however,  feems  to  afifc  to  this  hy- 
pothefis,  VIZ.  that  though  the  blood  in  the  lungs  is  not 
more  than  a  thoufandth  part  of  an  inch  from  the  air, 
yet  it  never  comes  into  aftual  contact  with  it.  Irt 
order  to  examine  the  foundncfs  of  this  objcdlion,  Dr. 
Prieliley  took  a  large  quantity  of  black  blood,  and 
put  it  into  a  bladder  moiftened  with  a  little  fcrum, 
and  tying  it  very  clofe,  hung  it  in  a  free  cxpofure  to 
the  air,  though  in  a  quiefcent  ftate,  and  next  day  found, 
upon  examination,  that  all  the  lower  furface  of  the 
blood,  which  had  been  feparated  from  common  air 
only  by  the  intervention  of  the  bladder,  had  acquired 
a  coating  of  a  florid  red  colour,  and  as  thick  appaf- 
rcndy  as  it  would  have  acquired  if  immediately  ex- 
pofed  to  the  open  air. — In  this  cafe  it  is  evident,  that 
the  change  of  colour  could  not  have  been  owing  to 
evaporation,  as  fome  have  imagined .  A  piece  of  thfe 
craflamcntum,  furrounded  by  fcrum,  acquired  (ncit 

only 
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brlj  on  that  part  of  the  furface  which  was  expofcd  to 
the  air,  but  in  thofc  parts  which  were  covered  fcvefal 
inches  with  ierum)  a  florid  red,  fo  that  the  deep  co* 
vering  of  ferum^  which  muft  have  prevented  all  eva- 
poration,  was  no  more  an  impediment  to  the  a6tion  of 
the  air  dian  die  bladder.  That  it  is  really  the  air^ 
ading  through  the  ferum^  and  not  the  ferum  itiel^ 
which  gives  the  florid  colour,  is  clearly  afcertained  by 
the  following  experiment :  two  equal  portions  of  black 
blood  were  put  into  two  cups,  containing  equal  quan- 
tities cff  ferum,  which  covered  the  blood  in  both  to  the 
depth  of  half  an  inch.  One  of  the  cups  being  left  in 
the  open  air^  and  the  Other  being  placed  under  the 
exhaufted  receiver  of  an  air  puiiip,  the  former  pre* 
fendy  acquired  a  florid  colour^  while  the  other  con- 
tinued twelve  hours  as  black  as  at  firft.  In  another 
experiment,  the  reverfe  of  the  former,  the  influence 
of  the  air  upon  the  blood  was  no  lefs  decifively  proved  ; 
for  red  blood  became  black  through  the  depth  of  two 
inches  of  ferum,  when  the  veflel  containing  it  was  ex- 
po(ed  to  azotic  gas.  Putrefa6lion,  however,  will  pro- 
duce a  fimilar  effeft ;  for  a  fmall  quantity  of  perfeftly 
florid  blood  being  put  into  a  glafs  cube  fealed  herme- 
tically, and  thus  cut  ofF  from  all  communication  with 
external  fubftances,  became  black  in  a  few  days.  Ex- 
cept fenim,  milk  is  the  only  animal  fluid,  through 
which  the  air  can  aft  upon  blood.  By  fome  fubfe- 
quent  experiments  made  by  Dr.  Prieftlcy,  he  found 
that  the  intervention  of  a  bladder  by  no  means  pre- 
vents the  a£lion  of  fome  airs  on  each  other,  as  the  ni- 
trous on  common  air,  &c. 

The  fame  induftrious  philofopher  found  alfo,  that 
the  air  and  blood  employed  in  the  above  experiments 
undergo  oppofite  changes ;  for  vital  air  was  vitiated 
by  cxpofurc  to  venous  blood,  and,  on  the  contrary, 

inflammable 
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inflammable  air  was  abforbed,  and  foul  aif  improved^ 
by  expofure  to  arterial  bloodi  It  has  aifo  been  provcdy 
that  inflammable  air  will  produce  a  change  of  colour 
in  the  blood,  when  introduced  into  the  Veins  of  a  living 
animal. 

The  mod  remarkable  change  produced  onair^  which 
has  been  fubfervieht  to  refpiration,  is  the  difappear- 
ance  of  the  vital  air,  and  the  produftion  of  fixed  ain 
On  account  of  the  produftlon  of  fixed  air,  indeed,  art 
animal  can  only  breathe  a  given  quantity  of  air  for  a 
certain  time,  after  which  it  fickens  and  dies.  If  a  jar  . 
filled  with  vital  air  is  placed  over  mercury^  and  an 
animal  confined  in  it,  after  a  time  it  will  be  oblerved 
to  breathe  with  difficulty,  and  become  very  uneafy? 
if  the  animal  is  then  taken  out,  and  cauftic  alkali  is  in- 
troduced, a  great  diminution  in  the  bulk  of  the  air  will 
take  place  j  by  the  repeated  introdudlion  of  the  ani- 
mal and  the  cauftic  alkali,  almoft  the  whole  of 
the  air  may  be  made  to  difappear,  which  proves 
that  the  vital  air  is  by  refpiration  converted  into  fixed 
air. 

When  we  confider  the  compofition  of  fixed  air, 
which  confifts  of  the  carbonaceous  principle  united  with 
oxygen,  we  mufl  conclude  that  the  oxygen  gas  is  con- 
verted into  fixed  air  by  the  addition  of  that  principle, 
which,  in  a  ftate  of  extreme  divifion,  ftems  to  be  ex- 
tricated from  the  lungs.  By  fome  phyfiologifts,  the 
extrication  of  this  noxious  principle  has  been  confiderecf 
as  the  only  end  anfwered  by  refpiration.  That  this  is 
net  all,  however,  is  proved  by  the  confideration,  that 
though  part  of  the  oxygenous  gas  is  converted  into 
fixed  air  by  the  addition  of  the  carbonaceous  principle, 
yet  the  Vv  eight  of  the  air  expired  does  not  exceed  that 
which  is  infpired.  This  naturally  fuggefted  the  opi- 
nion, that  a  part  of  the  infpired  air  was  abforbcd,  nearly 

correfponding 
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torrtfponding  in  weight  iVith  the  macter  difchargcd  by 
the  hings.  Dr.  PridUcy>  by  a  feries  of  experiments 
recorded  in  vol.  haaa.  p.  io€.  of  the  Fhilofophicai 
TianlaftionSy  has  accordingly  proved,  that  a  confider- 
aUe  quantity  of  vital  air  is  abibrbed  by  the  blood.  A 
Ircry  fniall  portion  of  water  is  alio  thrown  from  the 
Im^  at  every  ezpiradony  whidi  may  be  either  an 
iu{i]eous  exhalation  from  the  lungs,  or  may  be  formed 
hjf  an  uilioh  of  vital  air  with  inflammable  gas. 

Mr.  Lavoifier  afcertatned  that  when  the  air  out  of 
doors  confifted  of^ 

27    parts  oxygen  air, 

73    azotic  air; 

Tfat  air  in  the  loweft  ward  in  the  General  Hofpital 
at  Parisj  contained  but 

a5     parts  of  oxygen  air, 
71     of  azouc  air, 
4    6f  fixed  air. 

100 
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This  proportion  varied  in  different  parts  of  the 
Aoom.  At  the  top  the  air  contained  (be  following 
proportiohs : 

18 1  parts  of  oxygen  air, 
79    of  azotic  airi 
2 1  of  fixed  air. 


100 

The  produftion  of  animal  heat  next  properly  claims 
otir  attention.  That  relpiration  is  really  the  caufe  of 
animal  heat  can  fcarcely  be  doubted ;  for  thofe  ani- 
mals which  are  fumiflied  with  lungs,  and  which  con- 
tinually infpire  the  frefli  air  in  great  quantities,  have 
the  power  of  keeping  themfelves  at  a  temperature  con- 
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(iderably  higher  than  the  furrounding  atmofphere  -,  but 
Aich  animals  as  are  not  fumifhed  with  refpiratory  or- 
gans, are  very  nearly  of  the  fame  temperature  with 
the  medium  in  which  they  live.     Among  the  hot 
animals,  thofe  are  the  warmed  which  have  the  krgeft 
refpiratory  organs  in  proportion  to  the  bulk  of  their 
bodies.     This  is  particularly  the  cafe  with  birds^  which 
have  the  greatelt  degree  of  animal  heat.     In  the  iame 
animal,  the  degree  of  heat  is  in  fome  meafure  propor- 
tionable to  the  quantity  of  air  rcfpired  in  a  given  time. 
Thus  we  find,  that  animal  heat  is  increafed  bycxer- 
cife  and  whatever  accelerates  refpifation.     By  tlie  word 
heat  I  do  not  in  this  place  mean  a  fcnfation,  but  calo- 
ric, or  a  peculiar  fluid,  having  attraAions  for  other  fub- 
ftances,  with  which  it  is  capable  of  forming  combinations, 
and  producing  many  important  phenomena.  We  mufl 
carefully  avoid  eftimating  the  quantity  of  heat  or  caloFic 
contained  in  a  body  by  its  temperature,  as  indicated  by 
the  fenfes,  or  even  by  a  thermometer  j  for  water,  wax, 
iTietaliic  bodies,  &c.  in  pafllng  from  a  fluid  to  a  folid 
ftate,  lofe  a  vafl:  quantity  of  heat  without  any  diminu- 
tion of  temperature  j  and   it   is  well  known,  that  a 
quantity  of  wax,  &c.  partly  folid  and  partly  fluid,  is 
always  of  the  fame  temperature,  whether  it  tends  to- 
wards the  folid  or  die  fluid  ftate ;  that  is,  whatever  is 
the  temperature^  of  the  furrounding  medium.     If  the 
wax  is  in  a  melting  ftate,   it  abforbs  the  fuperfluous 
caloric,  which  becomes  latent ;  if  on  the  other  hand  it 
is  congealing,  its  latent  heat  is  continually  extricated, 
;ind  fuftainsvics  temperature  at  a  fixed  point.     Caloric 
may  therefore  exift  in  a  latent  ftate,  in  which  it  cannot 
affeft  the  thermometer. 

I'hcre  is  ftill  another  difference  with  re/pcft  to  the 
quantity  of  heat  or  caloric  contained  in  bodies,  indepen- 
dent of  any  di3r,ge  of  form,  fimilar  to  that  which  takes 

place 
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jphce  in  the  combination  of  heat  with  ice  conftituting 
water.  This  latter  difference  is  called  a  difference  in  ca* 
pacity  for  heat,  by  which  is  undcrftood  an  inequality  in 
the  quantity  of  abfolute  heat  in  two  bodies,  though  their 
teoiperatures  and  weights  are  equal.  Thus,  if  a  pound 
of  water  and  a  pound  of  diaphoretic  antimony  have  a 
.common  temperature,  the  quantity  of  abfolute  heat 
contained  in  the  former  is  nearly  four  times  that  con* 
cained  in  the  latter. 

The  following  is  a  brief  ftatement  of  Dr.  Craw- 
ford's ingenious  theory  of  animal  heat^     He  made  a 
ierics  of  experiments,  by  which  he  found,  that  the  fixed 
air  and  aqueous  vapour,  which  are  difcharged  from 
the  lungs>  contain  only  about  one-third  part  of  the  ab- 
solute heat  contained  in  the  atmofpherical  air,  previ- 
ous to  its  being  refpired:  air,  therefore >  in  becoming 
fubfervient  to  refpiration,  lofes  part  of  its  heat.     He 
has  alio  fliewn  that  the  abfolute  heat  of  florid  ar-* 
cerial  blood  is  to  that  of  venous  nearly  as  eleven  and 
an  half  to  ten ;  fince,  therefore,  the  blood,  which  is  re- 
turned by  the  pulmonary  veins  to  the  heart,  has  its 
quanuty  of  abfolute  heat  increafed,  he  fairly  concludes 
that  it  muft  have  acquired  this  additional  heat  in  the 
lungs.     From  the  preceding  obfervations  it  appears, 
that  the  proJuflion  of  animal  heat  depends  on  a  pro- 
ceis  analogous  to  chemical   e]e<^ive  attfadion,  and 
which  is  regulated  by  the  following  principles.     Vital 
air  contains  more  abfolute  heat,  in  proportion  to  its 
temperature  and  weight,  than  fixed  air.     The  blood  is 
returned  to  the  lungs  impregnated  with  the  carbona- 
ceous principle  \  the  blood  has  Icfs  attradion  for  that 
principle  than  vital  air  has ;  in  the  lungs,  therefore;. 
It  quits  the  blood  to  unite  with  the  vital  air.     By  this 
combination  the  vit^  air  is  changed  into  fixed  air,  and 
depofits  part  of  its  heat :  the  capacity  of  blood  for  hear 
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is  at  the  fame  time  increafed ;  the  blood  therefore  re- 
ceives that  portion  of  heat  which  was  detached  fit)m 
the  air. 

The  arterial  blood,  in  its  paflage  through  fhcf  ca- 
pillary vcflcls,  is  again  impregnated  with  the  carbo- 
naceous principle,  and  the  bafis  of  inHammable  air,  bf 
which  its  ca|)acity  for  heat  declines;  it,  therefore, 
in  the  courfc  of  the  circulation,  gradually  gives'  out 
the  heat  which  it  had  received  in  the  lungs,  and  diffufes 
it  o^'er  the  whole  body.  Thus  it  appears,  that  in  its 
circulation  through  the  lungs  the  blood  is  Continually 
difcharging  carbonaceous  matter  and  abforbing  hear, 
and  that  in  its  paflage  through  the  other  parts  of  the 
body  it  is  perpetually  imbibing  carbon  and  emitting 

.  heat.  In  this  account  of  animal  heat  I  have  entirely 
omitted  the  abforption  of  vital  air.  This  ablbrption  was 
not  admitted  by  Dr.  Crawford,  and,  though  eftablilhed 
by  the  experiments  of  Dr.  Prieftley,  does  not  at  all 
invalidate  the  theory  of  the  former  philofopher.  It  is 
confiftent  with  either  hypothefis,  that  the  blood  in  the 
lungs  gains  the  heat  which  is  loft  by  the  air  ;  and  uj>on 
the  truth  of  this  propofition  refts  the  theory  of  Dr. 
Crawford. 

By  the  different  capacity  which  blood  pofleflcs  for 
heat  in  its  different  ftates,  it  is  capable  of  fupplying  the 
different  parts  of  the  body  with  heat,  while  its  own 
temperature  remains  the  fame.  If  this  difference  of 
capacity  for  heat  did  not  exift,  the  extremities  of  the 
body  could  not  be  properly  fupplied  with  heat  from  the 
lungs,  unlefs  the  lungs  themfelves  were  expofed  to  a 
degree  of  heat  which  would  be  certainly  prejudicial^ 
and,  perhaps,  fuch  as  no  organifed  fubftancc  could  fup- 
port  without  deftruftion. 

Dr.  Crawford  has  moreover  proved,  by  a  courfc  of 

-  experiments,  that  when  an  animal  is  placed  in  a  cold 
^  medium, 
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medium,  the  venous  blood  acquires  a  deeper  hue; 
that  a  greater  quantity  of  air  is  vitiated  in  a  givea 
time,  and,  confequendy,  that  more  heat  is  abforbed  by 
the  blood.  It  appears,  therefore,  that  nature  has  in 
this,  as  in  many  other  inftances,  connefted  the  occafioa 
with  the  means  of  fupplying  it.  Since,  therefore,  it  is 
proved,  that  heat  is  abforbed  from  the  air  in  refpiration, 
and  fince  the  quantity  abforbed  is  not  only  adequate  to 
the  purpofe,  but  proportioned  to  the  occafion,  we  may 
confider  ourfelves  as  greatly  indebted  to  Dr,  Crawford 
for  having  thrown  great  light  on  a  mod:  important 
fiiniftion,  but  which  mull  ilill  be  enumerated,  on  fome 
accounts,  among  thofe  obfcure  procefies  of  nature,  on 
which  human  ingenuity  may  exert  its  powers,  but 
which  it  can  probably  never  completely  reveal. 

The  analogy  between  combuftion  and  refpiradon 
cannot  fail  to  ftrike  every  perfon  acquainted  with  the 
nature  of  theie  procefTes.  Air,  in  which  a  candle  has 
remained  nil  extinguifhed,  is  incapable  of  fupporting 
animal  life.  On  the  other  hand,  air,  in  which  an  ani- 
ma!  has  remained  till  it  expired,  will  not  fupport  the 
flame  of  a  candle.  In  both  thefe  cafes  heat  i$  loft  by 
the  air  employed;  b^caufe  gaffcous  compounds  are 
formed  which  have  lefs  capacity  for  heat  than  oxygen 
gas  pofTeOes.  There  is  one  remarkable  difference, 
however,  between  combuflion  and  refpiration ;  in  com- 
buftion, the  heat  dcrrived  from  the  air  becomes  imme- 
diately perceptible,  and  frequently  rifes  to  an  intcnfe 
degree.  In  refpiration,  however,  the  heat  is  gradually 
evolved,  in  coifcquence  of  an  admirable  law  of  the 
animtl  economy,  which  has  already  been  adverted 
to  in  explaining  Dr,  C  Awford's  thepry  of  animal  heat. 

What  oily  and  fpirituous  fubftances  are  to  a  lamp 
they  are  alfo  to  the  animal  body,  and  no  animal  is 
capable  of  fubfiftiog  for  a  confidcrsble  tinpc  without 
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food  containing  fome  porfion  of  thefe  princijjts. 
This  is  particularly  obvious  with  regard  to  the  food  of 
carnivorous  aninnals,  and  it  is  no  lefs  certain  chat  grain 
and  even  grafs  contain  the  ingredients  of  oil  and  fpiri* 
tuous  liquors.  Our  food  may  therefore  be  confidercd 
as  fuel,  and  animal  heat  as  a  gentle  combuftion.  Hence, 
fuch  perfons  as  cat  and  drink  large  quantities  of  in- 
flammable fubftances,  increafe  the  heat  of  their  bodies 
beyond  the  proper  ftandard,  and  in  fcientific  as  well  as 
common  language,  may  be  faid  to  burn  themfelvcs 
up.  This  confideration  may  ferve  to  confirm  the 
cftabliftied  praftice  of  withholding  from  febrile  pa- 
tients the  ufe  of  inflammable  matters  as  food,  and  of  . 
giving  acids,  the  nature  of  which  is  diredUy  oppofice. 
Towards  the  end  of  fome  fevers,  however,  particularly 
typhus,  when  the  heat  finks  below  the  proper  ilandardj 
brandy  and  aethet  are  found  to  be  highly  ufefiil. 

In  the  Medical  Extrafts,  in  which  there  arc  fome 
ingenious  and  new  obfervations  on  this  fubjcft,  it  is 
mentioned  that  Dr.  Withering  wrote  to  Dr.  Bcddoes  to 
the  following  efF^ ft : — The  late  Mr.  Spalding,  who 
did  fo  much  in  improving  and  ufing  the  diving  bell, 
was  a  man  of  nice  obfervacion,  and  had  he  not  fallen  a 
facrificeto  the  negligence  of  drunken  attendants,  would 
have  thrown  much  additional  light  upon  more  than 
one  branch  of  fcience.  He  particularly  informed  mc 
that  when  he  had  eaten  animal  food,  or  drank  fermented 
liquors,  he  confumed  the  air  in  the  bell  much  feftcr 
than  when  he  lived  upon  vegetable  food  and  drank 
only  water.  Many  repeated  trials  had  fo  convinced 
him  of  this,  that  he  conftantly  abilained  from  the 
forn^er  diet  whilft  engaged  in  diving. 
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T  H  E     V  O  I  C  E. 

laflrttmeni  eftbe  Vcic4  in  the  Animal  BoJy\ — The  Larynx. — Expert ^ 
menis  cm  tbt  H'indpipes  of  dijf'crent  Animah, — Whether  the  Larynx 
mdsasa  'wind  cr  ft  ringed  lnJl,tanenU'-~Si::gingy  hu'vj  performed, ^^^ 
Bfeaking.^^H^hijpering^ 

AL  L  animals,  as  far  as  our  obfcrvations  extend, 
have  the  power  of  communicating  their  fcnfa- 
tions  or  ideas  to  each  other,  and  the  principal  means 
of  this  communication  is  the  voice.  Man  is  indebted 
to  this  funftion  for  the  fatisfaftion  of  focial  intercourfe, 
and  in  a  great  meafure  alfo  for  his  diftinguiflied  pre- 
eminence above  other  animals  in  mental  acquire* 
ments. 

The  inftrument  of  the  voice  is  the  larynx,  and  the 
immediate  occafion  of  it  is,  the  expulfion  of  the  air 
from  the  lungs  through  this  organ  exciting  a  vibratory 
motion  in  the  whole  larynx,  but  more  particularly  in 
the  ligaments  which  pafs  from  the  fcutiform  to  the  ary- 
tenoid cartilages.  That  the  larynx  is  really  the  inftru- 
ment of  the  voice  has  been  fully  proved  by  an  ingenious 
anatomift  *  of  our  times,  who,  after  detaching  the 
windpipe  from  the  bodies  of  different  animals,  by  re- 
laxino;  or  fliortenins;  the  tendinous  bands  at  the  extre- 
miry  of  the  windpipe,  and  blowing  in  at  the  oppofite 
end,  found  means  to  produce  all  the  different  cries  and 
tones  of  which  the  living  animals  were  capable.  On 
the  different  ftrufture  of  the  larynx  depends  the  differ- 
ent voices  of  animals  \  thus  birds,  which  have  a  Ihrill 

•  Ferreln. 
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and  piercing  aote,  are  found  to  be  poflefled  of  a  nar« 
row  larynx  >  animals^  which  are  hoarfe  or  mute^  of  4 
Tvidc  one.  The  fame  fa6t  is  proved  in  ourfelves.  Wc 
may  perceive,  by  applying  the  finger  to  the  throati 
f^hen  we  endeavour  to  produce  a  fhrill  tone,  that  the 
larynx  is  contraded,  rendered  tenfe^  and  derated  j 
when  we  produce  a  grave  founds  it  is  enlarged^  re* 
laxed,  and  depreiled ;  by  endeavouring  to  produce  a 
graver  tone  than  we  are  capable  of,  the  larynx  is  too 
much  relaxed  to  perform  its  office^  and  the  air  paffis 
through  it  without  producing  any  found  whatever* 

Bonnet  obferves,  that  birds  are  furnifhed  with  what 
may  be  called  two  larynxes,  the  one  ^t  the  fuperior  ex- 
tremity of  the  windpipe,  as  in  men  and  quadrupeds ; 
the  other  (which  is  the  principal  organ  of  found  with 
them)  at  the  inferior  extremity,  and  clofe  to  the  bron- 
chiac.     The  chief  inftrument  for  the  modulation  of 

• 

the  voice  in  this  lower  larynx  is  a  membrane  fituatec) 
tranfverfcly  between  the  two  bronchia?,  communicadng 
with  other  membranes,  refembling  the  reed  of  a  haut* 
boy^  On  the  greater  or  lefs  elafticity  of  thefe  mem- 
branes depends  the  tone  of  the  voice,  in  the  fame 
manner  as  in  other  animals  it  depends  on  the  tenfioo 
or  relaxation  of  the  cords  of  the  glottis  *. 

It  has  been  much  debated,  whether  the  larynx.  In 
producing  the  voice,  afts  as  a  wind  or  a  ftringed  inftru- 
ment ;  but  there  can  be  little  doubt,  from  the  ftruc- 
ture  and  motions  of  the  larynx,  that  it  pofleffes  the 
advantages  of  both. 

Singing  is  a  modulation  of  the  voice,  through  va* 
rious  degrees  of  acutenefs  and  gravity,  and  is  per- 
formed almoft  folely  by  the  larynx,  though  the  nofe 
and  mouth  are  in  feme  degree  concerned  in  improving^ 
and  fpftening  the  tone^     During  fpeech,  the  larynx 

•  Bon.  Cont,  p.  7. 
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b  prettjr  much  at  reft,  as  very  litde  variety^  with 
reipcft  to  gravity  or  acutenefs  of  voice^  is  requifite. 
Tke  voice  being  produced  in  the  larynx,  is  afterwards 
formed  into  letters^  fyllables,  and  words,  by  various 
motions  of  the  tongue  and  lips.  The  larynx  is  very" 
littte,  if  at  all>  employed  in  whifpering,  and  feems  to 
tranfinit  the  a^r  in  this  cafe  ^  a  fimple  tqbe^  like  (faff 
vindpipe. 
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*  .  MUSCULAR    MOTION. 

Inquiry  fwhcthcr  any  Thing  cqui'valeitt  to  mufculcu'  Motion  is  ?•  he  found 
in  the  other  Parts  ^^Creaiion^^^DiJerent  Hypothefes  concerning  (be 
Caufe  of  miifcular  Mot  ion. ^^  Its  Dependence  on  the  ffilL^^Contrailik 
Fo^Mcr  of  Muf'les  after  Death. •'^Extent  of  the  ConiraSiion  of 
Mufcles.'-^  Advantage  from  the  Obliquity  of  certain  Mufcleu^^lnfer^ 
tion  of  the  Tendons, '-^Force  of  Mufcles, 

THE  power  of  contraftion,  with  which  the 
mufcles  of  animals  are  endued,  and  by  which 
they  perform  all  the  motions  of  the  body,  is  different 
from  any  property  inherent  in  any  other  kind  of 
matter.  But  though  the  moft  remarkable  examples 
of  mufcular  contraftion  are  obfcrved  among  animals, 
yet  we  arc  by  no  means  authorized  to  conclude,  that 
the  vegetable  kingdom  is  wholly  deftitute  of  fimilar 
powers ;  on  the  contrary,  the  expanfion  and  contrac- 
tion of  the  flowers  and  leaves  of  plants,  according  to 
the  degree  of  heat,  and  the  circulation  of  their  fap,  arc 
ftrong  arguments  in  favour  of  the  opinion  that  they 
are  furnifhed  with  organs  truly  mufcular;  and  the 
/:onvuifive  motions  excited  by  touching  the  (lamina 
of  certain  plants  feem  to  place  this  matter  beyond 
difpute. 

Under  the  head  of  anatomy,  the  general  outlines 
of  the  ftrufture  of  the  mufcular  organs  have  been 
already  confidered ;  but  nothing  further  was  advanced 
on  the  prefent  fubjeft,  than  that  mufcles  are  con- 
tradile  maffcs  compofcd  of  numerous  minute,  and  itt 

general 
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general  red  *,  fibres,  combined  together  in  bundles  hj 
cellular  lubftance.  Such,  therefore,  being  the  ftruc- 
ture  of  mufcles,  lictle  credit  appears  to  be  due  to  the 
fuppofition,  that  mufcular  ccntraftion  depends  on  an 
ioflux  of  blood  or  any  other  fluid  into  minute  blad- 
ders or  cells ;  and  it  mud  remain  undetenriincd, 
wbedier  the  ukimntc  moving  fibres  are  tubular  or 
folid ;  whether  they  confift  of  chains  of  rhomboidal 
veflels,  as  has  been  imagined  by  fome  phyfiologifts/ 
or  whether,  as  others  have  thought,  they  contain  4 
kind  of  down  or  woolly  fubftance. 

When  mufcles  are  thrown  into  aftion,  they  become 
Ihorter,  broader,  and  more  denfir,  or  fblid,  to  the 
touch  i  their  bulk  does  not  feem  to  be  on  the  whole 
increafed,  nor  are  they  found  to  be  of  a  paler  colour^ 

Mufcles  never  a6t  but  from  fome  exciring  cauft ; 
of  thefe  one  of  the  moft  frequent  and  curious  is^ 
volition,  by  which  every  .day's  experience  teaches  u4 
we  have  the  power  of  throwing  the  greater  number 
of  our  mufcles  into  aSion,  Over  fome  of  our 
mufcles,  however,  as  thofe  of  the  inteftines,  and  the 
heart,  the  will  has  no  influence,  and  thefe  are  there- 
fore called  mufcles  of  involuntary  motion.  What 
is  the  nature  of  the  influence  which  the  will  exerts  • 
over  mufcles,  we  can  never  hope  to  difcover;  but 
it  is  of  importance  to  remark,  that  the  nerves  are  the 
organs  by  which  this  influence  is  exerted ;  for  the 
nerve  leading  to  any  particular  limb  being  divided, 
we  are  no  longer  able  to  move  that  limb  at  our 
pleafure. 

Befides,  however,  being  influenced  by  the  will, 
mufcles  are  thrown  into  aftion  by  feveral  other  caufes, 

^  The  colour  proceeds  from  th^  blood^vhich  they  conmn  in 
iniaute  vcfTcIs. 

fuch 
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luch  as  chemical  or  mechanical  injury^  and  ftill  more 
remarkably  by  the  eledtric  ihock,  which  influences 
muiclcs  infenfible  to  every  other  known  ftimulus. 

Mufcles  retain  a  contra(flile  power  for  a  coniider- 
able  time  after  they  are  removed  from  the  living 
body ;  this  power,  however,  gradually  diminiihes,  till, 
Iboner  or  later,  according  to  a  variety  of  circum- 
ftances,  it  ceafes  altogether.  The  mufdes  of  invo* 
Vntary  motion,  when  removed  from  the  reft  of  the 
body,  retain  their  contradtile  power  longer  than  diofe 
of  voluntary  motion ;  the  former,  indeed,  from  this 
circumftance,  as  well  as  from  their  uninterrupted  mo- 
tion in  the  living  body,  feem  to  be  poffeffed  of  a 
capacity  for  contraftion  beyond  that  of  the  other 
muJTcles. 

What  has  been  hitherto  ftated,  relates  principally 
to  the  more  remarkable  mufcular  contractions,  by 
vrhich  the  aftions  of  the  body  are  performed  i  but  it 
is  to  be  remembered,  that  befides  thefe  occafional 
contractions,  there  is  a  continual  tendency  in  the 
mufcular  fibre  to  fiiorten  itfelf ;  and  even  after  death, 
when  a  mufcle  is  divided,  the  wounded  extremities 
recede  from  each  other.  A  ftrong  illuftration  of  this 
circumftance  is  obtained,  by  obfcrving  the  confc- 
ifuence  of  dividing  a  mufcle  in  the  living  body,  for  in 
this  cafe  its  antagonift  will  conflantly  draw  die  part 
which  thefe  mufcles  were  defigned  to  move,  towards 
its  own  fide. 

That  power  by  which  the  difierent  parts  of  a  mufcle, 
divided  after  death,  recede  from  each  other,  is  called 
the  vis  mortua,  and  is  common  to  mufcles  and  other 
animal  fibres.  The  power  by  which  a  mufcle  obeys  a 
ftimiiliTS  after  being  feparated  from  the  body,  or  after 
its  communicadon  with  the  fenforium  has  been  cue 
off  by  other  means,  as  by  dividing  or  tying  its  nerves^ 

ha) 
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has  been  called  its  vis  infita.  This  power  is  more 
peculiar  to  life ;  and  though  it  may  continue  for  a  few 
hours  after  death,  yet  it  difappears  much  fooner  than 
the  former.  It  was  fuppofed  by  Haller  to  cxift 
wholly  independent  of  the  nerves^  but  this  opinion  has 
tieirher  been  cftabliftied  nor  refuted.  The  capacity  of 
mufcles  to  obey  the  influence  of  nerves,  is  called  the 
vis  ncrvea.  The  power  which  we  poflcfs  of  calling 
the  mufcles  into  adion  by  a  voluntary  effort,  dep^ndi^ 
on  a  relation  eftablifhed  by  God,  and  not  on  the  di« 
re6Ung  inifluence  of  the  human  fcul,  (Ince  we  have  no 
(X>nception  of  the  intimate  ftru£lure  either  of  the 
nerves  or  mufcles.  It  is  true,  that  by  habit  we  acquire 
a  more  cxaft  command  over  our  mufcles  in  moft  in- 
'ftances,  yet  the  operation  of  fucking,  in' which  a  va- 
riety of  mufcles  operate,  in  a  complex  manner,  is 
performed  by  a  new-bom  infant  j  and  the  young  of 
many  animals  can  walk  immediately  after  birth. 

The  extent  of  the  contraftion  of  a  mufcle  has  been 
limited  by  fome  anatomifts  to  one-third  of  its  length* 
This  ftatement,  however,  though  it  may  be  nearly  juft 
with  refpeft  to  the  greater  number  of  mufcles,  is  by 
no  means  true  with  refpcft  to  all.  The  mufcular  coat 
of  the  bladder,  for  example,  will  admit  of  that  organ 
containing  a  quart  of  fluid  matter,  without  much  in- 
convenience, and  at  the  fame  time  is  fo  contradile  as 
to  be  capable  of  expelling  almofl:  every  drop  in  a  very 
fliort  time. 

But  the  extenfivc  effeft  of  mufcular  cbntraftion  is 
mot  owing  only  to  the  degree  to  which  a  mufcle  can 
Ihorten  itfclf,  but  alfo  to  the  direftion  of  its  fibres. 
Thus  oblique  mufcles  produce  a  nmich  more  extenfivc 
motion  than  thofe  which  arc  ftirair,  and  this  extenfive- 
ncfs  of  motion  is  proportioned  to  the  obliquity  of  the 

mufcle. 
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mufclc.  What  is  gained^  however,  in  c&tenfi^cnefs 
of  motion  by  the  obliquity  of  fibres,  is  loft  in  force  5 
but  this  is  more  than  compenfated  by  the  oblique 
Ibrudlure  allowing  fpace  for  a  much  greater  number 
of  mufcuiar  fibres.  Oblique  mufcles  have  therefore 
in  both  refpefts  the  advantage  over  thofe  which  an: 
ftrait,  and  are  accordingly  much  more  numerous  in 
the  animal  machine.  ^ 

There  is  no  part  of  the  ftrufture  of  the  animal  body^ 
which  is  more  calculated  to  excite  our  admiration^ 
than  the  manner  in  which  the  tendons  of  mufcles  arc 
inferted  into  the  bones.  If,  for  inftancc,  the  mufcle called 
die  biceps,  which  lies  at  the  infide  of  the  os  humeri^ 
and  which  is  dcfigned  to  bend  the  fore-arm,  infteadof 
terminating  at  the  upper  part  of  the  radius,  had  becft 
inferted  half  way  between  the  elbow  and  wrift,  it  is 
evident,  that  when  the  mufcle  had  contradbed  itfclf  io 
as  to  bring  the  fore-arm  to  a  right  angle  with  the  0$ 
humeri,  the  tendon  muft  have  llarted  fevcral  inches 
from  its  place,  and  have  given  the  limb  a  very  un- 
pleafint  appearance,  and  muft  alfo  have  been  attended 
with  feveral  real  inconveniences.  By  the  tendon,  how- 
ever, being  inferted  near  the  joint,  the  motion  of  the 
limb  is  performed  widiout  fo  great  a  rifing  of  the  ten- 
don as  to  prove  troublcfomc.  By  this  ftr  ufture  more- 
over, the  motions  of  the  limb  are  much  quicker  than 
if  tlie  tciidon  had  been  inferted  lower  down  towards 
the  wri^l.  By  the  tendon  being  inferted  nearer  the 
axis  of  motion,  it  is  alfo  evident^  that  a  much  fmaller 
contrdftion  of  the  mufcle  is  fufRcient  to  produce,  an 
efi'eft,  than  muft  have  been  neceffary  to  produce  the 
fame  had  tlie  infertion  of  the  tendon  been  half  way  be- 
twcrn  the  elbow  and  the  wrift.  That  univerfal  rule 
in  mechanics,  however,  that  what  is  gained  in  vclo* 
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dty  IS  loft  in  forcci  it  muft  be  remarked,  is  applica- 
ble CO  this  cafe,  ib  that  fome  lofs  of  iVrcngth  neoeflkril^ 
attends  the  acquilition  of  fuperior  celerity.  But  this 
inconvenience  has  been  obviated  by  a  very  (impfe,  ex- 
pedients that  of  n>a|ciDg.the  mufcle  ftronger  thsln  would 
otherwife  have  been  neceffary.  .  r 

Many  very  erroneous  calculations  have  been  made 
with  refpeft  to  the  force  of  mufcles.  Borelli  has  been 
kd  to  conclude  that  the  heart  at  every  contraftioq 
exerts  a  force  equal  to  ioo,ooolb.  while  others  have 
pretended  to  difcover  that  this  force  does  not  amauoc 
to  many  ounces.  With  refpcft  to  the  heart,  however, 
wc  really  have  not  data  on  which  we  can  proceed  with 
any  tolerable  degree  of  precifion.  There  is  no  mufcle 
in  the  body  more  conveniently  fituated  for  having  the 
.force  of  its  contraction  determined  than  the  biceps  of 
the  arm.  It  will  be  foreign  to  our  prefent  purpofc 
to  mention  all  the  fteps  of  the  calculation,  with  the 
grofs  refult  of  which  1  (hall  in  this  place  prefent  the 
reader  i  it  is  indeed  merely  mentioned  as  probable, 
that  when  we  raife  forty  pounds  weight  by  means  of 
the  fore-arm,  the  biceps  exerts  a  force  at  Icaft  equal  to 
five  or  fix  hundred  pounds.  i 

The  furprizing  mufcular  force  of  the  turkey's  giz- 
zard, has  been  already  noticed. 

From  thefe  obfervations,  it  appears,  notwithftand- 
ing  the  great  vifible  exertions  of  mufcular  force,  that 
the  greater  part  of  their  real  power  produces  no  ap- 
parent efieft.  For  all  mufcles  are  inferted  nearer  the 
center  of  morion  than  the  weights  on  which  they  adl, 
and  their  efFeft  is  therefore  lefs  in  proportion  to  the 
fhortnefs  of  the  lever  on  which  they  aft.  In  moft  of 
the  limbs  the  mufcles  are  inferted  at  very  acute  angles, 
which  throws  their  force  more  nearly  in  the  direftion 

of 
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of  the  denter  cf  motion^  and  confequeotly  lelfens  their 
cficfti.  Many  mufcles  pais  o^rer  projefHng  bonesy 
which  increafe  friftion.  But  befides  all  th^fe  caufes 
diminiihing  the  ppwerof  inufdes»  one  half  of  their 
ftrength  is  eiterted  on  their  ftted  extremity  \  for  a  cnulclcf 
in  aftion^  like  an  extended  cerG^^fextorts  on  equal  feiw 
at  both  extremities; 


Chap.  35-]  [    353    ] 


Chap.     XXXV. 

ANIMAL    ELECTRICITYi 

Accidental  Di/co^vtry  of  3f .  Gal*vam.^^Amnud  ElcBricity  only  excitea 
bj  Metalsj'^Experiments  on  dead  Animals. ^"Ccndudors  and  Non^ 
ccudu3ors  of  this  PtrMcr. — Experiments  on  the  living  Sukjefl.^^On 
Earth  Worms,  ifc'^^ Analogy  hetiveen  this  Potutr  and  EU^icity^ 

^^Shock  of  the  Torpedo.^^Nir'oous  Energy. 

« 

AMONG  the  late  difcovcries  in  philofophy, 
there  is  not  any  more  curious  than  that  relation 
which  Is  found  to  cxift  between  certain  metals  and  the 
nervous  and  mufcular  i'yftem  of  animals^  which  has 
received  the  name  of  animal  eleftricity.  How  far  ic 
is  confident  with  truth  to  refer  this  influence  to  the 
laws  of  eleftricity  may  be  a  proper  fubject  of  inquiry, 
and  perhaps  of  fcepticifm  -,  but  it  will  be  neccflary  pre- 
vioufl^jr  to  relate  the  principal  fafts  which  have  been 
afcertained  on  a  fubjeft  fo  novel  in  phyfiology,  and  fo 
little  analogous  to  the  known  principles  of  animal  ex* 
iftence. 

The  (hock  which  the  mufcles  of  the  human  frame 
receive  from  the  touch  of  the  torpedo,  and  of  the 
cleftrical  eel,  had  long  been  known ;  but  that  the  ani- 
mal fibre  when  deprived  of  the  principle  of  vitality 
fhould  be  fubjedt  to  a  fimilar  influence,  was  a  difcovery 
rcfcrved  for  the  prefent  age.  M.  Galvani,  the  pro* 
fcflbr  of  anatomy  at  Bologna,  obfcrving  one  day  cer- 
tsiin  involuntary  contraftions  and  motions  in  fomc 
frogs,  which,  with  little  credit  to  the  profeflbr's  huma- 
nity,  had  been  hooked  by  the  back-bone  and  fuf- 
pended  from  the  iron  palifadoes  of  his  garden,  his  cu- 
riofity  was  powerfully  excited,  and  on  examining  mi- 
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nutely  into  the  caufe  of  thefe  contraftionSy  he  found 
that  he  could  prpduce  them  at  pleafure,  by  touching 
the  animals  with  two  different  metals  at  the  fanie  time 
in  contaft  with  each  other. 

From  later  obfervations  it  feems  to  be  fufikiently 
afcertained  that  thefe  involuntary  contractions  cannoc 
be  excited  by  any  fubftances  whatever,  whether  folid 
or  fluid,  except  die  metals,  and  that  the  niutual  con- 
tact: of  two  metals  with  each  other  is,  in  every  cafe, 
neceflary  to  the  eflfe^t.  Zinc  has  been  found  by  hx 
the  mod  efficacious,  eipecially  when  in  conta6t  with 
gold,  filver,  molybdena,  fteel  or  copper,  aldiough 
thefe  latter  excite  feeble  contraftions  when  in  contaft 
only  with  each  other.  Next  to  zinc,  tin  and  lead  fcem 
to  be  the  bcft  excitors.  When  the  pieces  of  metals 
employed,  and  the  furface  of  the  animal  fibre  with 
which  they  are  in  contaft,  are  large,  the  contra6lioiis 
excited  are  in  general  more  confiderable,  but  by  no 
means  in  proportion  to  thefe  circumftances. 

In  order  to  obferve  the  phenomena  in  queftion,  cut 
oft'  the  head  of  a  frog.  When  it  has  ccafcd  to  ftruggle, 
apply  a  plate  of  zinc  under  its  body,  and  a  plate  of 
.  gold  to  the  fupcrior  furface.  Then  Hide  the  gold  plate 
till  it  comes  in  contact  with  the  zinc,  when  the  mufcles 
which  are  further  from  the  brain  and  fpinal  marrow 
than  the  metals,  will  be  vifibly  agitated. 

This  effeft  will  take  place,  although  the  frog  with 
the  metals  are  placed  on  an  inverted  glafs  jar,  and  a 
flick  of  fealing-wax  is  interpofed  between  the  hand 
of  the  operator  and  the  metals,  that  is,  although  the 
animal  as  well  as  the  metals  is  infulated.  I  men- 
tioned gold  as  being  the  moft  powerful  of  the  metals, 
l)ut  a  plate  of  filver,  a  crown-piece  for  inftance,  will 
anfwer  the  purpofe. 

Cut  oflF  the  thigh  of  a  frog,  juft  killed,  clofe  to  the 
I  •         body. 
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body>  and  lay  bare  the  fciatic  nerve.  Place  the 
nerve  in  contaft  wkh  a  piece  of  zinc,  and  let  its  foot 
reft  on  a  piece  of  filvcr  j  on  bringing  the  two  metals 
into  contaftj  the  mufcles  of  the  limb  will  be  con- 
vulied. 

If  a  piece  of  brafs  wire  is  made  to  touch  at  the 
£une  time  the  metals  diipoled  as  above  defcribed, 
a  coftimunication  will  be  formed  between  them,  and 
the  contraAion  of  the  mufcles  will  equally  uke 
place. 

If  the  nerve  is  made  to  reft  on  a  piece  of  zinc, 
and  the  zinc  is  touched  with  a  plate  of  filver  held 
in  one  hand  of  the  operator,  while  with  the  other  he 
takes  hokl  of  the  foot  of  the  frog,  the  influence  will 
pais  through  the  body  of  the  operator,  and  the  limb 
will  alfo  be  convullcd.— Thefe  experiments  muft  be 
performed  before  the  nerve  becomes  dry  by  expofurc 
to  the  air. 

In  order  that  thele  contradions  fhould  be  produced, 
it  is  not  necellary  that  either  of  the  metals  ihould  be  in 
aAual  contaft  with  the  animal  in  which  the  convulfions 
arc  to  be  excited ;  as  the  interpofition  of  pieces  of 
boiled  or  putrid  beef  were  found  by  Dr.  Monro  not  to 
prevent  the  effeft. 

By  an  experiment  of  Dr.  Fowler  the  fame  &6t  is 
proved.  He  found  that  if  a  frog,  of  which  the  head 
fhould  be  firft  cut  off,  is  divided  into  two  parts,  jdl 
above  the  origin  of  the  fciatic  nerves,  and  put  into  a 
bafon  of  water,  the  hind  legs  may  be  thrown  into  ftrong 
contradions,  by  bringing  zinc  and  filver  into  con- 
tM&,  with  each  other,  at  the  diftance  of  at  leaft  an 
inch  from  the  divided  fpine,  fo  long  as  they  are  kept 
nearly  in  a  line  with  it.  Water  in  this  cafe  is  the  only 
communication  between  the  metals  and  the  origin  of 
the  nerves. 

A  a  2  Dr, 
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Dr.  Fowler  remarks,  that  he  has  frequently  paflcd 
this  influence  through  a  great  length  of  thin  brafs  wire, 
and  through  the  bodies  of  five  perfons  communicating 
with  each  other  by  dipping  their  fingers  in  bafons  of 
water  placed  between  them ;  yet  it  did  not  appear  to 
have  loft  any  of  its  force  in  this  long  and  diflfufcd  paf- 
fage ;  for  the   contradions  excited  in  the  frog's  leg 
were  equally  ftrong,  as  when  it  had  paflcd  only  through 
one  perfon.     Dr.  Fowler  made  many  experiments  in 
order  to  difcovw  what  fubftances  were  conductors  and 
what  non  conduilors  of  this  influence.     He  found  that 
all  metals  when  pure  were  excellent  conduftors  j  that 
they  were  not  quite  fo  good  when  in  the  ore;  and  as 
far  as  he  could  afcertain^  lead  fo  when  in  the  ftate  of 
metallic  falts.     Froin  trials  which  he  made  with  fomc 
of  the  calces  of  metals  he  concludes,  that  in  that  (late 
their  capacity  as  conduftors  is  quite  deftroyed.  Stones 
fccmed  to  be  pofleflTed  of  no  conducing  power.     The 
different  non- conductors  of  eleftriciry  were  fourfd  to 
be   non- conductors  of  this   influence.     Living  vege- 
tables afforded  it  a  ready  paffage,  probably  from  the 
lliiiJb  which  they  contain.     Oils  of  all  kinds  were  fo 
(.\T  f:om  conduc~ting,  tliat  if  the  fingtrs  of  the  perfon 
hoiJan^  either  the  probe  or  the  zinc  have  perfpircd 
miicli,  even  this  operates  as  a  complete  obftruftion  to 
tl:c  p:iffage  of  the  influence  j  the  infl:ant  the  perfpircd 
nv.Ltccr  has  been  wiped  away,  and  the  fingers  have  been 
dipped  in  water,  it  again  paffes  and  excites  contrac- 
tions.    Dr.  Fowler  wiflied  to  afcertain  whether  it  paffed 
ever  the  furface  or  through  the  fubtlance  of  metals; 
he  coated  fcveral  rods  of  different  metals  with  fealing- 
wax,  leaving  nothing  but  their  ends,  by  which  diey 
v.cTv.^  held,  uncovered.     Contraftions  were  excited  as 
rc.-^dily  through  the  medium  of  thefe,  as  if  they  had 
no:  been  coated.     It  feems  to  meet  with  no  obftruc- 

tion 
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rion  in  pafling  from  link  to  link  of  fcvcral  chains, 
even  when  no  preffiire,  except  that  of  their  own 
weight,  is  ufcd  to  bring  them  into  contaft.  Dr. 
Fowler  was  led  from  this  to  hope,  that  he  fhould  be 
able  to  make  it  pafs  through  a  very  thin  phte  of  air. 
He  therefore  coated  a  flick  of  fealing-wax  with  a  plate 
of  tin-foil,  and  then  made  an  almoft  imperceptible 
divifion  acrofs  it  with  a  Iharp  pen- knife ;  but  even  this 
interruption  of  continuity  in  the  conductor  was  fufficient 
cfFedually  to  prevent  its  paflage. 

Dr.  Fowler  next  proceeds  to  examine  whether  the 
(rapacity  of -difFcrent  fubftances,  as  conductors  or  non- 
conductors, was  at  all  affefted  by  differences  of  their 
temperature ;  but  this  was  not  the  cale  with  zinc,  iron, 
water,  coal,  or  a  common  crucible,  the  only  fubflance^ 
with  which  he  tried  the  experiment. 
.  The  efFefts  of  this  influence  may  be  felt  in  ourfelves 
by  a  very  eafy  experiment.  If  a  piece  of  lead  is  ap- 
plied to  the  upper  part  of  the  point  of  the  tongue, 
while  a  piece  of  filver  is  applied  to  the  under  part, 
upon  bringing  the  two  metals  into  contaft,  a  fomewhat 
pungent  fenfation  will  be  felt,  accompanied  by  a  flrong 
metalline  tafte  of  fome  duration.  The  fame  fenfa- 
tion takes  place  though  both  of  the  metals  are  pre- 
vented from  touching  the  tongue  by  the  interpofition 
of  moiftened  paper. 

Dr.  Fowler  fays,  he  could  never  perceive  that  the 
fenfes  either  of  touch  or  fmell  were  in  the  leaft  afFefted 
by  the  metals  5  but  the  effeft  which  they  produce  on 
they  eye  is  very  remarkable.  Having  laid  a  piece  of 
tin-foil  on  the  point  of  his  tongue,  he  placed  the 
rounded  end  of  a  filver  pencil -cafe  againfl  the  ball  of 
his  eye,  in  the  inner  canthus,  and  fuffered  them  to  re- 
main in  thefe  fituations  till  the  parts  were  fo  accuflomed 
tQ  phem,  that  he  could  examine  the  fpnfations  pro- 
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duced ;  he  then  brought  the  metals  ^into  contaA  with 
each  other,  and,  to  his  furprife,  perceived  a  pale  flafli 
of  light  difFufc  itfelf  over  the  whole  of  his  eye.  His 
tongue  was  at  the  fame  time  afFefted  with  a  fimilar 
fcnfation  to  that  produced  when  both  of  the  metals  are 
in  contacH:  with  it.  On  darkening  the  room  the  flalh 
became  more  diflinft  and  of  a  ftr6nger  colour.  If  the 
experiment  is  made  with  zinz  and  gold,  inftead  of  tin- 
foil and  filver,  the  flafh  is  incomparably  more  vivid. 
By  infinuating  a  rod  of  filver  as  far  as  poffiblc  up  the 
nofe  and  tlien  bringing  it  into  contact  with  a  piece  of 
zinc  placed  upon  his  tongue,  he  alfo  fucceeded  in  pro- 
ducing the  fcnfation  of  a  flalh  of  light,  rather  more 
vivid  than  when  the  filver  was  in  contaft  with  the  ball 
of  the  eye.  Dr.  Fowler  alfo  mentions  that  his  friend, 
Mr.  George  Hunter  of  York,  difcovered  that  by 
placing  one  of  the  metals  as  high  up  as  poflible  be- 
tween the  gums  and  the  upper  lip,  and  the  other  in  a 
fimilar  fituacion  with  regard  to  the  under  lip,  a  flafli 
v/as  produced  as  vivid  as  that  occafioned  by  pafling 
one  of  the  metals  up  the  nofe,  and  placing  the  other 
upon  the  tongue.  It  differs,  however,  from  the  fla(h 
produced  in  the  other  way,  in  the  fingular  circumftancc 
of  not  being  confined  to  the  eye  alone,  but  appearing 
difFufed  over  the  whole  face.  On  repeating  the  ex- 
periment myfelf,  and  attending  to  the  concomitant 
fenfatioiis  produced  by  this  difpofition  of  the' metals,  I 
perceived  that  a  fenfe  of  warmth,  at  the  infl:ant  that 
they  were  brougnt  into  contaft,  diflfufed  itfelf  over  the 
whole  uppei  furface  of  the  tongue,  proceeding  fi-om  its 
root  xo  the  point.  Dr.  Rutherford,  to  whom  Mr. 
Hunter  had  communicated  this  experiment,  remarked, 
on  repeating  it,  that  a  flafh  is  produced  not  only  at  the 
inllant  the  metals  are  brought  into  contaft,  but  likc- 
wilc  at  the  inftantof  their  feparatipnj  while  they  re* 
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inain  in  contad):  no  flalh  is  oblerved.  Thefe  curious 
phenomena  demonftrate  the  free  communication  which 
fubfifts  between  the  feveral  branches  of  the  fifth  pair 
of  nerves. 

The  fblbwing  curious  fadb  is  alfo  taken  from  Dr. 
Fowler's  ingenious  and  entertaining  book  on  animal 
dedricity.  He  laid  a  leech  on  a  crown-piece  of  filver, 
placed  ia  the  middle  of  a  large  plate  of  zinc.  The 
animal  moved  its  mouth  over  the  furface  of  the  filver 
without  exprefljng  the  leaft  uneafinefss  but  having  . 
ftrctched  beyond  it  and  touched  the  zinc  plate  with  its 
mouthy  it  inftandy  recoiled  as  if  in  the  moft  acute  pain^ 
and  continued  thus  alternately  touching  and  recoiling 
from  the  zinCj  till  it  had  the  appearance  of  being  ex« 
trcmely  fatigued.  When  placed  wholly  upon  the  zinQ, 
it  leemed  perfe£Uy  at  its  eafe  i  but  when  at  any  time 
its  mouth  came  in  contaft  with  the  filver  lying  upon 
the  zincj  the  fame  exprefiiQin  of  pain  was  exhibited  as 
before.  With  the  earth-worm  he  found  that  the  ex- 
periment fucceeded  ftill  more  decjifively.  The  animal 
iprang  from  the  zinc  in  writhing  convulfions ;  if,  when 
the  worm  ftretched  itfelf  forwards,  one  of  the  folds 
came  upon  the  zinc,  it  exprefifed  little  uneafineis  in 
comparifon  of  what  it  (hewed  when  the  point  of  its 
head  touched  the  zinc. 

Whether  this  influence,  whatever  it  may  be,  is  de- 
rived from  the  metals  alone,  or  whether  the  animals 
contribute  to  its  produ^on,  is  not  eafy  to  determine. 

On  re-confidering  the  phenomena  exhibited  by  this 
newly  difcovered  influence,  we  (haU  perceive  that  in 
fomc  rcfpcAs  it  remarkably  refcmbles  eleftricity,  and 
in  others  as  remarkably  di0^rs  from  it. 

Like  the  eledhic  fluid,  it  ftimulates  mufcles  to  con* 
tradion.  Like  that,  its  progrefs  is  arretted  by  glafs, 
Icaling-wax^  ^c  while  it  is  conducted  by  metalsj 
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moifture,  &c.  Dr.  Valli  informs  us,  that  he  obfervcd 
the  hairs  of  a  moufe,  attached  to  the  nerves  of  frogs 
by  the  tin-foil  with  which  he  furrounded  thenn,  alter- 
nately attra6led  and  repelled  by  each  other,  whenever 
another  metal  was  fo  applied  as  to  excite  contractions 
in  the  frogs. 

Like  the  eleftric  fluid,  it  excites  a  fenfaticm  of 
pungency  in  the  tongue  j  and  paflTes  with  fimilar 
rapidity  through  the  bodies  of  animals. 

It  diflvrs  from  :he  eleftric  fluid  in  many  rcfpeds. 

In  order  to  excite  the  cledtric  power,  it  is  neccfl&ry 
that  there  fliould  be  motion  or  friftion  between  two 
fubftances,  an  eleftrrc  and  a  conduftor.  Animal 
eleftricity  is  produced  by  two  metals,  -which  are  both 
conductors  and  without  friftion. 

According  to  Dr.  Fowler,  charcoal  is  a  better  con- 
ductor of  elefbricity  than  the  fluids  of  animal  bodies. 
Whereas  he  never  could  make  the  influence  in  queftiori 
pafs  through  charcoal. 

Dr.  Fowler  in  oppofition  to  Dr.  Valli  alledges,  that 
he  could  not  obferve  that  the  nicefl:  eleftrometers  were 
aflx^cted  by  this  influence. 

The  fame  author  remarks,  that  the  mofl:  important 
and  chara£berifl:ical  difference  which  he  has  yet  been 
able  to  difcover  between  this  new  influence  and  eleftri- 
city,  confifts  in  their  eftedls  upon  the  contraftile  power 
of  animals  and  of  plants.  The  contraftions  of  animals 
excited  by  eleftricity,  have  a  tendency  to  deftroy  that 
power  upon  which  contradions  depend.  But  the 
contraftions  excited  by  the  application  of  the  metals, 
have  in  all  his  experiments  had  the  direftly  oppofite 
effect.  The  rrore  frequently  contraftions  have  been 
in  this  way  excited,  the  longer  they  continue  excit- 
able ;  and  the  longer  are  the  parts  upon  which  fuch 
experiments  are  made,  prefcrved  from  putridity. 

It 
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It  is  faid  that  a  ftream  of  eleftricity  paffed  through 
a  ftnfitive  plant,  produces  an  almoft  immediate  col-  ' 
kpfe  of  its  leaves;    but  the  influence  in   queftion 
produced  no  fuch  cfFcdt  in  an  experiment  made  by 
Dr.  Fowler. 

The  fame  attentive  experimentalift  eleftrified  both 
pofitively  and  negatively  frogs,  whofe  heads  had  been 
feparated  from  their  bodies.  In  thefc  circumftances 
the  effects  of  the  influence  in  queftion  took  place  in 
the  fame  manner  and  degree  as  when  no  artificial  elec- 
tricity was  prefent. 

When  there  is  a  breach  of  equilibrium  in  the 
diftribution  of  the  eleftric  fluid,  all  that  is  required 
in  order  to  reftore  the  equality  of  diftribution,  is  the 
intcrpofition  of  a  fingle  conducing  fubftance  between 
the  place  in  which  it  r.bounds,  and  that  in  which  there 
is  a  deficiency ;  whereas  if  the  phenomena  of  animal 
cleftricity  are  to  be  attributv^d  to  the  fame  caufe,  it 
does  not  appear  why  two  condufling  fubftances  (hould 
be  neceflary. 

In  eftabliftiing  a  communication  between  two  op- 
pofite  eleftricities^  as,  for  example,  between  the  two 
fides  of  a  charged  phial,  it  is  matter  of  indifference 
to  which  the  conduftor  is  firft  applied;  but  it  is  by 
no  means  fo,  in  producing  the  phenomena  of  animal 
eleftricity;  for  if  one  branch  of  a  conductor  is  applied 
to  the  tin-foil  arming  a  nerve,  before  tlie  other  branch 
has  been  applied  to  the  mufcles,  it  frequently  fails  to 
excite  contradions.  If  firft  applied  to  the  mufcles, 
this  is  very  feldom  the  cafe. 

From  fome  trials  which  Dr.  Fowler  made  with  the 
artificial  and  natural  loadftones,  and  a  very  fenfiblc 
magnetic  needle,  he  faw  no  reafon  to  fuppofe  that 
this  new  influence  was  in  any  way  connefted  with 
magnetifm. 
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Animal  eleftricity  is  even  found  to  difier,  in  fomc 
refpefts,  from  that  power  by  which  the  torpedo^ 
gymnotuS)  &c.  produce  their  (hocks.  We  arc  told 
by  Mr.  Cavendifh,  that  Mr.  WaUh  found  that  the 
Ihock  of  the  torpedo  would  not  pafs  through  a  fmall 
brais  chain.  It  refembles  the  power  of  the  torpedo, 
however,  in  producing  its  efie6ts  almoft  equally. wdl, 
when  both  it  and  the  fubjedt  upon  which  it  ads  are 
infulated  from  furrounding  condu£bors.  The  fhodc 
of  the  torpedo,  &c.  feems  to  depend  entirely  on  the 
will  of  the  animal  i  but  the  will  of  the  animal  hasoo 
Ihare  in  the  produ&ion  of  (he  phenomena  difcovered 
by  Galvani. 

That  this  influence  is  not  the  fame  widi  the  ner* 
vous  energy  appears  from  its  not  being  flopped 
by  a  tight  ligature,  or  by  the  tranfverfe  incifion  of  a 
nerve,  provided  its  parts  are  again  brought  into  jcloie 
contaft.  The  nervous  energy  i$  elFeftually  ilx^^)ed 
by  a  tight  ligature  or  a  tranfverfe  incidon  s  and  placing 
the  divided  extremities  into  the  clofeft  contaft,  has  no 
cffeft  in  rcftoring  its  influence  on  th^  parts  of  the  body 
to  which  the  divided  nerve  was  diftributed. 

On  the  whole,  it  may  be  remarked,  that  the  influ- 
ence difcovered  by  Galvani  refembles  eleftricity  more 
than  any  other  known  law  of  nature.  But  it  diflfers 
in  fo  many  inftances  even  from  it,  that  in  the  prefent 
ftate  of  our  knowledge,  we  muft  confider  it  as  a  newly 
difcovered  law  in  nature;  though  future  experience 
and  moi  €  extenfive  obfervation  may  lead  to  a  di^cr^pt 
conciufion. 
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SENSATION. 

Difficulty  of  the  Suhjeff.^^Senfationthe  EffeS  of  certain  Relations  efia- 
tUflfed  hy  the  Creator, ^^bjeSs  oftiijerent  Setifes, — Influence  of  the 
Ner'uesin  cofiveyimg  Senfatioms  to  the  B rain, ^^The  Brain  the  Reps', 
fU^  of  Ideas, '^InftinB  of  Animals  as  conneSed  ivJth  the  nervous 
SjftetiL^^Harmony  of  the  Senfes.'-^Ditratioa  offenftblelmfrejjious^'^ 
fhe  Five  Senfes, 

FROM  the  confideration  of  the  other  funftions 
to  that  of  fenfation,  the  tranfition  mufl:  be  ab« 
rupt  and  without  gradation.  We  now  enter  on  a 
ilil^eft  above  all  others  the  mod  intricate  and  difficult, 
and  on  wl^ich,  fihce  reafon  is  engaged  in  difcovering 
the  ipurce  whence  it  derives  thole  ideas  on  which  it 
wRsj  we  muft  neceflarily  reafon  in  a  circle. 

Senfation  is  the  link  by  which  the  Deity  has  con- 
nefbed  the  material  to  the  immaterial  world.  With- 
out fenfation,  in  vain  would  the  liars  have  befpangled 
the  firmament  of  heaven,  in  vain  would  that  glorious 
objeA  the  fun  have  been  appointed  to  illuminate 
and  cherifh  the  produ6tions  of  the  earth  j  they  could 
have  been  nothing  to  beings  who  muft  have  been  un- 
confcious  even  of  exiftcnce :  and  the  material  world 
would  have  been  ^  work  without  utility  or  defign. 

Senfation  is  the  confequence  of  certain  cftablifhed  • 
relations  between  objefts  j  of  thefe  relations  we  can 
give  no  account,  for  they  appear  equally  above  our 
comprehcnfion  with  the  principles  of  gravitation, 
dcdtricity,  or  magnetifm.  Relations  between  the 
matter  cf  light,  the  obje6ts  of  vifion,  and   the  eye, 
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produce  figlit ;  relations  between  certain  vibrations  of 
the  air  and  the  fenforium  of  the  ear  produce  hearing, 
and  fo  of  the  other  fenfes.  We  by  no  means,  how- 
ever, can  pretend,  in  any  of  thefe  cafes,  to  deter* 
mine  all  the  intermediate  caufes  and  efFedts  between 
the  quality  in  a  body,  which  renders  it  an  objeft  of 
fenfation,  and  the  perception  in  ourfelves  \  nor  are  wc 
by  any  means  authorized  to  conclude,  that  our  per- 
ceptions are  juft  emblems  of  the  objc6ts  which  occa- 
fion  them.  But  this  circumftance,  upon  which  fo 
much  has  been  faid,  can  be  to  us  of  little  im- 
portance, fince  it  (till  remains  equally  true,  that  our 
fenfations  are  regulated  by  fixedjaws  eftablifhed  by  the 
Deity  himfelf,  and  fince  we  muft  fuppofe  that  the 
Creator  of  the  univerfe  has  ordered  all  things  in  wif- 
dom  and  goodnefs. 

We  are  ignorant  of  the  means  by  which  the  objefts 
of  fenfation  affeil:  the  body  ;  but  the  mod  obvious 
and  fimple  idea  that  we  can  form  on  this  fubjeft  is, 
that  they  act  by  impulfc.  Thus  the  rays  of  light  are 
known  to  travel  wirii  aftonifliing  velocity,  and  to 
jioficfs  a  power  of  moving  light  bodies.  Sound  is 
a  tremulous  moti<jn  cf  the  air,  capable  of  being  com- 
nninicartd  to  bodies  in  harmonic  proportion  with  it. 
Ociorous  particles  require  the  aflfiftancc  and  motion  of 
air  to  afFcft  the  organs  of  fcent.  The  objefts  of  tafte 
arc  more  perfeftly  perceived  by  being  preffed  between 
the  tongue  and  palate.  In  order  to  feel  any  thing,  it  is 
neccfl'ary  thiit  the  fkin  fhould  be  preflcd  againft  it 
with  a  certain  degree  of  force,  or,  what  is  ftill  more 
eficclual,  rubbed  over  its  furface. 

Tiie  inrtruments,  which  are  defigned  to  convey  the 
effects  produced  by  material  objefts  on  the  organs  of 
fcniation  to  the  brain,  are  the  nerves,  which  have  been 
already  defcribcd  as  diftributcd  to  the  fcveral  psirts 
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of  the  body,  and  more  particularly  to  the  organs  of 
lenfanon.  What  is  the  dilFerence  of  ftrufture,  which 
adapts  the  feveral  nerves  to  the  feveral  organs  of  fem- 
(acion,  wc  know  not,  nor  can  we  determine  whether 
certain  parts  of  the  brain  corre(pond  with  die  nerves 
connefted  with  cenain  organs  of  fenfation,  and  are 
deftined  to  prcfcrvc  the  ideas  received  by  thefe  parti- 
cular organs,  or  whether  the  whole  brain  is  common 
to  the  whole  (lock  of  our  ideas  and  fenfations ;  though 
thefe  have  been  fubjefts  of  much  Ipeculation,  it. has 
not  even  yet  been  afcertained,  whether  any  material 
impreffion  whatever  takes  place  in  the  brain  in  confe- 
quence  of  impreffions  on  our  fcnfes ;  and  unril  this 
queftion  is  determined,  we  cannot  be  prepared  to  ex- 
amine the  other.  That  the  brain,  however,  is  really 
in  fome  way  or  other  the  repofitory  of  our  ideas,  we 
may  venture  to  conclude,  fince  a  perfon  who  lofes  an 
organ  of  fenfation  does  not  lofc  the  ideas  previoufly 
acquired  by  it ;  and  fince  perfons  fometimes  complain 
of  pain,  feated  in  the  extremity  of  a  limb  of  which 
they  have  long  fince  been  deprived. 

There  have  been  of  late  years  fome  curious  fpecula- 
tions  among  philcfophers  with  refpeft  to  the  material 
caufe  of  inftincl  in  animals,  and  as  there  is  fome 
plaufibility  in  their  reafonings,  it  may  be  worth  while 
briefly  to  mention  t'ne  outlines  of  their  fvftcm..  They 
fuppofe  that  the  motions  of  animiSls,  commonly  called 
inftinftive,  arife  from  a  connection  of  the  nerves  be- 
longing to  different  parts  in  the  brain.  In  this  man- 
ner, when  the  young  bird  hears  the  call  of  its  mother, 
and  opens  its  beak,  they  fuppofe  tI:isei?cA  to  be  owing 
to  an  original  conncdtion  between  the  audirorv  nerve 
and  the  nerves  communicating  with  the  mufclcs  em- 
ployed in  opening  the  bird's  beak.  When  a  new-born 
quadruped  performs  the  com^plex  aflion  of  fucking,  in 

con- 


^66        SenJibU  Impr(ffions  not  e-va^iefcent.     [Book  IX. 

confequence  of  the  application  of  its  nofe  to  the  teat  of 
its  mother,  they  attribute  its  capacity  for  execudng  a 
flindion,  in  which  fo  many  mufcles  are  employed,  to 
a  connection  originally  exifting  between  the  nerves 
of  its  nofe  and  thofe  which  belong  to  the  organs  em-* 
ployed  in  fucking.  The  moft  complex  inftinfUye 
actions  of  ahimals,  according  to  thefe  philoibphers, 
may  be  explained  on  the  {ame  hypothefis. 

The  qualities  of  bodies,  as  perceived  by  one  (enfe, 
are  very  frequently  connedlcd  with  others  perceived  in 
the  fame  bodies  by  the  other  fenfes :  thus,  apparent 
uncvcnnefs  of  furface,  is  united  with  a  roughnefs  to 
the  touch  i  apparent  vibration,  with  found ;  and  there 
is  a  certain  analogy  between  the  odours  and  taftes  of 
many  bodies.  Thefe  conclufions,  however,  are  to  be 
referred  to  our  previous  experience,  and  by  no  means 
authorize  us  to  think  that  there  is  any  fimilitude  in  the 
mode  of  perception  between  the  fenfes  of  feeing  and 
hearing,  feeing  and  feeling,  or  tailing  and  fmelling.  It 
is  faid,  that  there  have  been  perfons  who  could  diftin- 
guifh  colours  by  the  fenfe  of  feeling  \  but  if  they  did, 
it  muft  evidently  have  been  from  fome  difference  of 
roughnefs,  fmoothncfs,  &c.  refulting  from  the  mate- 
rials employed  in  colouring,  and  not  from  any  pro- 
perty inherent  in  the  different  colours  as  objedls  of 
fight. 

It  is  ordained  by  our  Creator,  for  the  mofl  impor- 
tant purpofes,  that  our  fenfations  fliould  not  be  too 
cvanefcent;  and  it  requires  fome  time  after  one  im- 
prefTion  is  made  on  an  organ  of  fcnfe,  before  that  organ 
can  receive  another.  This  is  proved  by  a  very  fimple 
and  decifive  experiment.  All  of  us  have  probably 
obferved.,  when  a  flick  lighted  at  one  end,  or  a  coal, 
is  whirled  round  with  a  certain  degree  of  velocity,  that 
the  whole  circle  which  it  performs  appears  equally  illu- 
minated. 
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minatcd,  and  that  we  cannot  determine  at  what  point 
of  the  circle  the  fire  really  is,  and  the  fame  circum- 
Amce  may  be  obierved  in  the  blending  of  colours, 
ixdiich  are  yet  marked  diftinftly  on  a  wheel  before  it  is 
tnmed.  The  evident  caufe  of  chefe  appearances  is  in 
the  eye  ;  and  in  the  firft  cafe,  when  we  fix  our  eye  on 
any  point  of  the  circle  made  by  the  evolution  of  a 
lighted  coal^  the  illuminated  objefl  again  returns  to 
that  point  before  the  fenfadon  previoufly  produced  is 
worn  off:  and  the  blending  of  the  colours  on  a  wheel 
is  explained  in  the  fame  way  \  for  the  imprefTion  made 
by  one  colour  remains  till  the  other  arrives  and  mixes 
with  it.  It  is  alio  well  known,  that  perfons  who  have 
(be  beft  and  quickeft  ears  for  mufic  cannot  judge  ac« 
curately  of  more  than  a  certain  number  of  notes  in  a 
iecond  of  time.  Innumerable  fafts,  indeed,  may  fervc 
to  convince  us,  that  the  mind  cannot  well  attend  to  two 
or  more  fenfations  at  the  fame  time  *.  Hold  your 
tongue,  faid  a  Frenchman,  you  ulk  fo  I  cannot  tafte 
my  meat.  The  Frenchman  was  certainly  right  i  for 
attention  of  mind  is  not  lefs  neceflary  to  full  percep- 
tion, than  a  healthy  (late  of  the  organ  of  fcnfe. 

'  All  authors  are  agreed,  that  our  knowledge  of  ex- 
ternal qbjefts  is  enrirely  acquired  through  the  medium 
of  fenfation,  though  fome  perfons  of  the  higheft  rank 
in  literature  and  philofophy  ftill  contend,  againft  Mr. 
Lx)cke,  in  favour  of.  the  exiftence  of  certain  innate  and 

•  The  contemptible  vanity  of  Caefar,  in  pretending  to  perform 
Icveral  mental  operations  at  once,  proceeded  from  a  real  igno^ 
lance  of  the  human  mind.  The  reply  of  tl>c  juftly  celebrated 
penlionary  De  Witt  was  much  more  judicious,  and  ought  to  be 
inipreiTed  on  the  mind  of  all  young  perfons.  On  being  aiked  how 
he  contrived  to  tranfad  fuch  a  multiplicity  of  bufmefs  in  the  courfe 
of  a  day  without  negjeflor  diforder,  he  anfwercd,  <*  I  make  it  a 
rale  always  to  atund  to  ooe  obje<5t  at  a  tinit'." 
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inftin6live  principles  i  but  if  I  was  diipoled  to  enter 
into  the  dilpute^  this  would  not  be  the  proper  place. 

The  ienfes  are  five  in  number:  touch,  tafte, 
fmelling,  hearing,  and  fight.  Of  thefe  I  fliall  en- 
deavour briefly  to  treat  in  their  order.  I  have  in 
general  confidered  it  as  more  conducive  to  pcrfpicuity, 
to  ieparate  the  anatomical  defcription  of  the  organs 
from  the  funftions  to  which  they  are  fubfervient;  but' 
as  the  organs  of  fenfation  are  fmail,  and  at  the  fame 
time  not  much  connefted  with  the  great  outlines  in 
the  ftrufture  of  the  body ;  and  as  the  organs  of  fomc 
of  the  fenfcs,  particularly  that  of  hearing,  are  complex, 
and  very  difficult  to  be  retained  in  the  mind,  I  have, 
in  this  inftance,  thought  it  neceflary  to  depart  from 
the  former  arrangement. 
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Chap.     XXXVII. 

TOUCH,   AND   ITS    ORGANS. 

2ir  m^  e^cten^'ve  ff  the  Sen/es, '^Organs  of  Toucb^^^In  nvhai  Man* 
air  it  enabUs  us  tojudgt  of  the  polities  if  Bodies. ^^^Toung  Mam 
couched  bj  Cbc/elden.^^Remarks  on  his  Caje, 

IN  order  to  protect  the  bckly  from  injury,  almoft 
every  part  of  it  is  fo  formed  as  to  give  warning  to 
iie  mind  when  any  thing  injurious  aflails  it.  The 
vhole  body  may  therefore,  in  the  moft  extcnfivc  fenfe 
>f  the  word,  be  deemed  an  organ  of  touch.  The  in- 
»rnal  parts  of  the  body,  however,  though  they  arc 
:apabie  of  feeling,  yet  convey  no  other  idea  but  that  of 
jain,  and  give  us  no  information  with  rcfpeft  to  the 
laturc  of  what  is  applied  to  them.  The  furfacc 
>f  the  body  is  endued  with  a  much  more  extenfive 
power,  and  informs  us  of  feveral  qualities-  of  matter  ; 
>ut  the  lips,  the  tongue,  and,  above  all,  the  fingers, 
tffbrd  us  the  moft  accurate  information  of  thofe  qua- 
ities  of  bodies  which  are  the  objcfts  of  this  fenfe. 

When  the  epidermis  is  removed  from  the  true  (kin, 
vc  obfcrve  fmall  obtufe  papilla?,  which  feem  to  be 
he  parts  which  more  particularly  receive  the  impref- 
ions  of  external  objeils.  'I'hefe  papillas  are  fome- 
vhat  more  remarkable  in  the  fkin  at  the  ends  of  the 
ingers,  and  here  we  may  perceive,  that  they  have 
lerves,  though  from  the  extreme  minutenefs  of  them 
hey  are  hardly  obfervable.  We  judge  of  heat  and 
roM  from  the  objeft  being  hotter  or  colder  than  our 
ingers  *  i  of  the  weight  of  a  body,  from  its  degree 

*  The  tongae  is  a  more  nice  teft  of  the  warmth  of  a  body  than 
Jke  fingers,  for  we  can  ft^  a  warmth  at  the  larger  end  of  an  egg 
irith  the  tongae,  which  is  not  perceptible  by  the  fingers. 
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of  preflbre  compared  with  its  bulk ;  of  its  moifture, 
by  its  coldncfs,  or  the  prefence  of  water  9  of  its  foft- 
nefs,  by  its  yielding ;  of  its  hardnefs,  by  the  yiekling 
of  the  finger ;  of  its  figure,  by  applying  our  hands  to 
its  different  parts ;  of  diftance,  by  comparifon  with 
what  we  know  to  be  the  length  of  the  finger,  hand, 
or  arm.  All  our  concluHons,  however,  are  fo  regu- 
lated by  previous  experience,  and  we  fb  feldom  truft 
to  the  evidence  of  touch  without  alfo  calling  in  the 
affiftance  of  vifion,  that  without  the  latter  Icnfc  the 
conclufions  drawn  from  the  other  would  be  very  li- 
mited and  imperfeft.  Touch  is  die  fenfe  by  which 
we  acquire  a  knowledge  of  the  diftance  of  objeds, 
which,  independent  of  experience,  obtained  by  means 
of  this  fenfe,  is  not  to  be  difcovered  by  vifion.  This 
<:ircum{lance  was  beautifully  illudrated  in  the  cafe  of  a 
young  man,  as  flated  in  Chefelden's  anatomy.  This 
young  man,  born  blind,  and  being  fuddenly  enabled 
;to  fee,  in  confequence  of  a  furgical  operation,  imagined 
that  every  thing  he  faw  touched  his  eyes,  and  it  was 
only  by  repeated  trials  of  the  diftance  of  objefts,  by 
means  of  touch,  that  he  was  taught  to  correfl:  his 
error. 

a 

From  this  faft,  however,  it  is  not  perfeftly  evi- 
dent, that  an  infant,  born  with  all  its  fenfes  perfeft, 
would  naturally  conclude  that  the  objefts  of  vifion 
touched  Its  eyes.  Might  not  the  youhg  man,  from 
being  fo  accuflomed  to  judge  of  objefts  by  their  feel, 
or  by  applying  them  to  his  tongue  or  nofe,  have  ac- 
quired the  idea,  that  nothing  could  be  perceived  which 
was  not  in  contaft  with  the  body  ?  and  thus  the  con- 
clufion  which  he  drew  might  really  depend  on  the 
aflbciation  of  ideas. 
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C  H  A  p.    xxxviii. 

TASTE,   AND     ITS    ORGANS- 

Tb*  Vngm  the  Organ  of  Tafie.~~De/crifticH  of  it.—Hvui  fufplted 
tttitb  Ntrves. — MufcUs  of  the  Totigut.-^Ho'ui  fafiing  is  ftr» 
/omcB<  ' 

TH  E  tongue  has  been  already  cafually  mentioned 
as  in  foiiie  refpefts  a  very  accurate  organ  o£* 
touch  ;  but  the  fenfe  to  which  it  is  more  particular^ 
fubfervient  is  that  of  tafte.  The  palate  is  commonly 
confidered  as  the  organ  of  tafte ;  but  this  is  a  vulgar 
error,  for  unlefs  the  fubftancc  applied  to  the  palate 
has  fomc  degree  of  acrimony,  no  fenJation  whatever  is 
the  confcquence.  The  tongue,  and  more  particularly 
at  the  point,  and  tHc  fuperior  and  the  lateral  parts  of 
it,  is  the  true  organ  of  tafte.  The  fkin,  with  which 
the  tongue  is  covered,  is  remarkably  foft  and  thin,  and 
is  continually  preferved  moift  and  warm.  On  the  fur- 
fece  of  this  (kin  papillse,  much  larger  than  in  any 
other  part  of  the  body,  and  of  fcveral  forts,  are  ob- 
fcrvablc.  The  firft  kind  are  few  in  number,  and  are 
placed  at  the  back  part  of  the  tongue.  Thefe  are  fur- 
rounded  with  a  fmall  furrow,  and  their  form  is  almoft 
that  of  an  inverted  cone.  They  are  not  of  a  very 
delicate  ftrufture,  nor  are  they  much  concerned  in 
tailing*  The  fecond  kind,  which  are  fmallcr  and 
fofter  than  the  preceding,  and  into  which  the  firft  gra- 
dually Regenerate,  have  fomewhat  of  the  form  of  a 
mufiiroom  i  they  are  fcattered  on  the  fuperior  furface 
of  the  tongue,  till,  becoming  more  numerous  towards 
its  fides,  they  are  there  diftributed  in  diverging  lines. 
The  third  kind  are  of  a  conical  form,  are  mixed 
With  the  other  kinds,  and  are  very  generally  diftributed 
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over  the  whole  fuperior  part  and  fides  of  the  tongue. 
They  are  endued  with  a  very  acute  power  of  ienfationj 
and  are  the  true  organs  of  tafte.  Thefe  conical  pa- 
pillae diflfengreatly  in  their  fize ;  and  (bme  of  them  are 
extremely  minute.  On  an  accurate  examination  wc 
alfo  find  fame  filiform  papillse  placed  in  the  incerftices 
of  the  conical. 

Thefe  papilte,  befides  being  copioufly  fupplied  with 
blood,  are  alfo  fumifhed  with  nerves,  of  which  the 
tongue  receives  more,  in  proportion  to  its  bulk,  than 
perhaps  any  other  part  of  the  body.  The  exhaling 
arteries,  which  are  numeroufly  diftributed  on  the  fur- 
ftce  of  the  tongue,  have  no  further  concern  in  the  (cnfe 
of  tiding,  than  as  they  help  to  moiften  and  keep  the 
papilte  in  a  fit  ttate  to  perform  their  office.  On  the 
upper,  and  towards  the  back  part  of  the  tongue,  arc 
two  or  three  openings,  which  pour  out  a  mucous  fluid. 
The  papillae  in  man  are  covered  with  a  thin  and  femi- 
pellucid  membrane,  which  anfwers  the  purpofe  of  an 
epidermis.  In  many  animals,  as  thofe  which  feed  on 
grafs,  the  tongue  is  covered  with  a  very  rough  and 
thick  membrane,  perforated  fo  as  to"  admit  the  dif- 
folved  food  to  the  papillae,  which  are  placed  beneath  it. 

Under  the  papilte  is  placed  the  mufcular  fubftancc 
of  the  tongue.  Hie  mufcles,  which  conftitutc  this 
fubftance,  are  fo  numerous,  and  are  fo  confounded  with 
ciicli  other  and  with  the  fat,  that  the  moft  diligent 
anatomill  is  unable  to  trace  the  courfe  of  many  of 
them.  By  the  help  of  thefe  mufcles 'the  tongue  is 
moveable  in  all  direftions,  and  may  be  rendered  broad, 
narrow,  or  hollow,  at  pleafure.  The  tongue  is  very 
plentifully  fupplied  with  blood-veflels. 

A  circumflance  univcrfally  necefl^ary  to  a  body  being 
tailed  is,  that  it  Ihould  be  diffolved  in  the  faliva,  and 
.in  that  ftate  applied  to  the  papillae. 
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Chap.     XXXIX. 

SMELLING,  AND  ITS  ORGANS. 

.  final  Caufe  cf  this  Stn/e.^^Le/s  acute  in  Man  than  in  fame  other  Ani* 
muh. — Different  aljo  from  theirs.^^Dejcription   of  the  Organs  of 
Scent^^'-'Comfarifott  hetiveen  this  Senfe  and  that  of  Tafle, 

AS  one  principal  ufe  of  the  organs  of  fmcUing is 
to  affift  animals  in  obtaining  proper  food,  and 
to  guard  them  againft  what  is  improper,  they  arc 
univcrfally  placed  near  the 'mouth.  The  organs  of 
fmell  differ,  like  thoft:  of  the  other  fenfes7*'«cording 
CO  the  deftination  of  the  animals  to  which  they  be- 
long. This  Icnfe  in  man  is  far  lefs  acute  than  that 
of  many  other  animals  j  thus,  the  dog  poflefl^s  a  power 
of  fmelling,  of  which  we  can  Icarcely  form  a  concep- 
tion, and  which  we  happily  do  not  poflefs.  Birds 
of  prey,  however,  are  faid  to  have  the  fenfe  of  fmel- 
liog  ftill  more  acute  than  dogs.  The  fenfe  of  fmelling 
in  man  is  fuch  as  to  fit  him  for  deriving  enjoyment 
from  a  diverfity  of  fccnts,  particularly  thofe  of. 
flowers,  to  which  dogs  and  other  animals,  which  do 
not  feed  on  herbs,  feem  perfeftly  infenfible. 

The  organ  of  fmell  is  a  foft,  vafcular,  porous  mem- 
brane, furnifhed  wich  papillae,  which  is  fpread  on  the 
internal  furface  of  the  noftrils.  On  this  membrane 
are  diftributed  a  great  number  of  nervous  fibres, 
ivhich  proceed  chiefly  from  the  firft  pair  of  nerves, 
and  which  pafs  through  the  ethmoid  bone.  From 
the  extreme  tenuity. of  the  epidermis,  which  involves 
thiC  nerves  and  blood- veflfels  in  this  inembrane,  he- 
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morrhage  from  the  nofe  is  more  frequent  than  from 
any  other  part  of  the  body.       » 

In  order  to  render  this  fenfe  more  acute,  the  internal 
cavity  of  the  nofe  is  varioufly  contorted,  and  enlarged 
by  a  communication  with  feveral  adjoining  cavities, 
fo  as  to  increafe  very  much  the  furfece  on  which 
the  fcntient  membrane  is  diftributed.  The  cavidcs 
with  which  the  noftril  communicates  are  called  finufes; 
thefe  are  the  frontal,  which  is  feated  in  th^  frontal 
bone  under  the  eye-brows ;  the  ethmoid,  which  is  a 
fpongy  cavity  in  the  ethmoid  bone ;  and  the  maxillary, 
which  is  chiefly  formed  in  the  maxillary  bone,  and 
lies  immediately  above  the  double  teeth  of  the  upper 
jaw.  In  animals,  which  fmell  more  acutely,  thcfe 
provifions  for  enlarging  the  internal  furfacc  of  Ac 
noftril  are  ftill  more  remarkable. 

The  membrane  of  the  nofe  is  defended  and  moif- 
tened  by  a  vifcid  mucus ;  and  fo  neceflary  is  this-  to 
fmelling,  that  when  it  is  deficient,  this  fenfe  is  always 
imperfeft.  The  noftrils  are  furnilhed  with  mufcles, 
by  which  they  are  dilated,  when,  in  order  to  diftin- 
gui(h  fcents  more  accurately,  we  draw  in  a  large 
quantity  of  air.  A  confiderable  difference  between 
fmelling  and  ufting  is,  that  the  former  is  only  afted 
on  by  the  invifible  effluyia  of  bodies  which  float  in  the 
air,  the  latter,  by  matter  more  condenfed  and  vifiblc. 
There  feems,  however,  to  be  a  greater  fimilitud^ 
between  tafting  and  fmelling  than  between  any  two  of 
the  other  fenfes ;  and  when  either  of  them  is  injured 
the  other  commonly  fuflfers  with  it. 
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Chap.    XL. 

« 

HEARING,   AND    ITS    ORGANS. 

Dtfcrtfiitn  of  the  Ear.^^Aimirahle  Stru3ure  of  this  Organ  fir  con-- 
wjfhg  and  echoing  Sound.^^^Ears  of  different  Jinimals,^^Mann€r  iu 
mfhich  the  Pulfits  of  Air  are  conveyed  to  the  Ear,^41ommunication 
fy  the  Euftacbian  Tm^^^^Reafon  ivJbj  Perfim  lubo  liflen  attentivefy 
aftm  tbeir  Mouths, '^The  Membrana  Tympam  frohahJ^  the  great  /«- 
.  firumttU  of  bearing. 

AS  by  the  fcnfe  of  fmclling  we  diftinguifli  certaia 
particles  floating  in  the  air,  fb  by  that  of  hear- 
ing we  difcover  the  motions  and  vibrations  of  the  air 
itfclf.     The  parts  of  the  ear  are  diftinguiftied  into 
external  and  internal.     The  former  of  thefe  divifions 
comprehends  all  thofe  parts  which  we  are  able  to  ob« 
fervc  without  diflcftion,  and  which  are  feparated  from 
Chofe  of  the  internal  ear  by  the  membrana  tympani, 
improperly  called  the  drum  of  the  ear,  as  it  is  only  a 
membrane  ftretched  before  the  entrance  of  the  cavity 
which  is  properly  the  ear.     The  external  ear,  which 
from  its  refemblance  to  a  certain  fea  fhell  is  called 
c^mcba,  is  a  cartilaginous  fiinnel  of  an  irregular  oval 
fcrm,  moveably  connefted  to  the  head  by  ligaments, 
mufcles,  and  cellular  fubfbnce.     The  mufcles  with 
which  the  ear  is   furnifhed,    and   which   are  much 
employed  by  quadrupeds,  are  of  little  or  no  ufe  to 
man. 

Different  parts  of  the  external  ear  are  known  by 
different  names  s  its  upper  cartilaginous  part  is  called 
che  ala  or  wing,  to  diflinguifh  it  from  the  fofc 
and  pendent  part .  below,  called  the  lobe ;  its  outer 
bQTdtr  or  circle  is  called  the  belix,  aod  the  femicircle 
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within  this,  the   antihelix.     The  moveable  cartUage» 
placed  immediately  before  the  opening  of  the  ear,  is 
named  the  tragus^  and  an  eminence  oppofitc  to  thiSj> 
at  the  extremity  of  the  aniiheliXy  is  called  the  antitra" 
^gus.     The  concha,  becoming  narrower,  terminates  in 
the  meatus  auditorius  externuSy  the   external  auditory 
canal.  Into  this  are  continued  the  cutis  and  epidermis, 
which,  as  they  enter  it,  become  much  thinner  and 
more  fcnfible,  and  are  furniflied  with  minute  hairs,  by 
which  warning  is  given  when  any  infef):  has  found 
admittance,  or  when  any  injurious  fubftance  requires 
to  be  removed.     This  paffage,  and  the  membraiu^ 
tympani,  by  which  it  is  terminated,  arc  moiftencd  by 
a  vifcid  fccrction  called  the  wax,  which  by  ftagnation 
becomes  hard,  and,  when  neglcfted,  fometimes  accu- 
mulates to  fuch  a  degree  as  to   occafion   deafnefs. 
If  wc  were  to  examine  all  nature  for  a  contrivance 
proper  for  augmenting  and  echoing  founds  with  the 
utmoft  force  and   the  greateft  exadtnefs,  we  Ihould 
find  the  ear  bed  formed  for  thefe  purpofes;  by  its  ad- 
mirable ftru£ture  it  receives  founds  of  all  kinds,  admits 
the  greateft  quantity  in  the  fmalieft  fpace,   and  echoes 
each  back  without  confufion. 

The  extci  nal  ear  in  diflcrent  quadrupeds  is  differendy 
framed,  but  always  adapted  to  the  creature's  manner 
of  life.  In  fhape  it  commonly  rcfcmblcs  the  obliquQ 
fedlion  of  a  cone  from  near  the  apex  to  the  bafis. 
ITares,  and  fuch  other  animals  as  are  daily  expofed  to 
injuries  from  beads  of  prey,  have  large  ears  direflcd 
backwards,  their  eye  warning  them  of  any  danger 
before ;  rapacious  animals,  on  the  other  hand,  have 
their  cars  placed  directly  forwards,  as  we  fee  in  the 
lion,  cat,  &c.  The  (low  hounds,  and  other  animals 
that  are  dcfigncd  to  hear  moft  diftinftly  the  founds 
coming  froni  below,  have  their  cars  hanging  down- 
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wards,  or  their  ears  are  flexible,  bccaufe  they  move 
their  head  for  the  moft  part  with  greater  difficulty 
(ban  man.  Man  again,  who  muft  equally  hear  (bunds 
coming  from  all  quarters,  but  cfpecially  fuch  as  arc 
fent  from  about  his  own  height,  has  his  external  ear 
placed  in  a  vertical  manner,  fomewhat  turned  for* 
ward.  In  fliort,  wherever  we  fee  a  peculiarity  in  the 
make  of  this  organ  in  any  creature,  we  Ihall,  with 
very  little  rcflcftion,  difcover  this  form  to  be  more 
convenient  for  that  creature  than  another*  The  ani« 
mal  alfo  has  the  power  of  dircftlri^  the  cone  of  the 
car  to  the  fonorous  body  without  nv)ving  the  head** 

The  membrana  tympani  is  a  membrane  con(ifting 
of  fcveral  lamina.  Externally  there  is  the  epidermis^ 
under  this  the  vafcular  cutis,  and,  laftly,  a  dry,  claftic, 
fhining,  anJ  pellucid  fubftance.  Thcfe  laminae  zxt 
connected  by  their  cellular  fubftance.  The  membrana 
tympani  is  never  naturally  perforated,  and  the  pai&ge 
of  fmoke  from  the  mouth  through  the  external  car, 
mentioned  by  fome  authors  f,  is  fabulous,  except, 
perhaps,  in  fome  cafes,  where  a  perforation  had  been 
accidentally  made  by  violence  or  difeafe.  By  the 
action  of  particular  mufcles,  the  membrana  tympani 
is  preferved  in  a  degree  of  tenfion  fit  for  receiving 
the  impreflions  of  the  air.  Under  it  runs  a  branch  of 
the  fifth  pair  of  nerves,  called  the  chorda  tympani. 

The  membrana  tympani  is  ftretchcd  before  a  round- 
Ifli  cavity  of  the  os  petrofum,  hence  called  the  tym- 
panum or  druiTi,  and  which  is  about  feven  qr  eight 
lines  wide,  and  half  as  many 'in  depth.  This  cavity 
"is  increafed  in  the  adult  by  a  communication  with  the 
cells  of  the  maftoid  procefs,  which  do  notexift  in  the 
foetus.     Within,  the  tympanum  is  lined  by  a  moift  and 

•  Monro  on  Comparative  Anatomy. 
'\  Qy  Dr.  Goldfmicb  ia  particular. 
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vafcular  membrane.  The  tympanum  communicates 
wich.  the  cavity  of  the  fauces,  by  means  of  the  meatus 
auditorius  internus^  or  Euftachian  tube.  This  canal» 
which  is  partly  bony  and  partly  cartilaginous,  begins  t^ 
a  very  narrow  opening  at  the  anterior  and  almofl:  fupe- 
rior  part  of  the  tympanum,  increafing  in  fize  as  it 
advances  towards  the  cavity  of  the  fauces,  where  it 
tenpinaces  by  an  oval  opening  behind  the  noftrils. 

Within  the  tympanum  are  lodged  the  little  bones  of 
the  ear,  which  aie  four  in  number,  and  from  their  * 
form   have  received  the  following  names,      i.  The 
malleus  or  hammg-.     2.  The  incus  or  anvil,     j.  The 
roundifli  or  oval  bone.     4.  Thf  ftapes  or  ftirrup. 

The  body  of  the  malleus  is  placed  in  the  upper 
part  of  the  tympanum,  and  a  long  pr6cefs>  called 
the  handle,  defcends  between  the  laminae  of  the 
membrana  tympqni,  where  it  is  accurately  fixed.  It 
is  articulated  with  the  incus  by  means  of  two  projeft- 
ing  ridges  and  a  furrow  between  them. 

Ihe  incus,  which  confifts  of  a  body  and  two  legs, 
and  is  not  unlike  a  tooth  with  a  double  root,  exceeds 
the  otiier  little  bones  of  the  ear  in  fize  and  ftrength. 
Its  body  is  connefted  with  the  malleus ;  its  Ihorter 
leg  is  placed  at  the  entrance  of  the  canal,  which  leads 
to  the  ceils  of  the  maftoid  procefs;  its  longer  leg 
takes  the  fame  dircftion  with  the  handle  of  the  mal- 
leus, to  which  it  is  attached  by  a  ligament,  and  being 
ben:  inwards  at  its  termination,  receives  the  fmall 
oval  bone,  and  by  means  of  this  is  united  to  the 
ftapes. 

The  relemblance  of  the  ftapes  to  a  ftirrup  is  fo 
ftrong,  that  it  can  fcarcely  elcape  obfcrvation.  Its 
head,  which  is  formed  by  the  union  of  its  two  legs,  is 
hollowed  for  the  reception  of  the  litde  oval  bone  which 
eonneds  it  with  the  longer  leg  of  the  incus.     The  two 


.Chap.  40.1      StruSlure  of  the  Internal  Ear.  379 

legs  of  the  ftapes  are  bent  nearly  into  a  circle,  and 
where  tl>ey  unite  at  the  balis,  cover  the  feneftra  ovalis^ 
The  ftapes  is  fituated  in  a  part  of  the  tympanum, 
ieparated  from  die  other  parts  by  a  particular  menir 
brane. 

The  ftapes  and  malleus  are  each  of  them  furniftied 
with  a  little  mufcle,  called,  from  the  bones  to  which  they 
belong,  ftapedius  and  tenfor  tvmpani.  The  firft  of  thefc, 
which  is  the  fmalleft  diftinA  nnifcle  in  the  body,  arife9 
fronri  a  litde  cavity  at  the  pofterior  and  upper  part  of 
the  cavity  of  the  tympanum,  and  its  tendon  is  inferted 
at  the  back  part  of  the  head  of  the  ftapes.  This 
mufcle,  which  draws  the  ftapes  obliquely  upwards, 
afllfts  in  ftretdiing  the  membrana  tympani.  The 
other  mufcle  is  more  remarkable,  and  as  it  operates 
like  the  former  in  ftretching  the  membrana  tympani, 
has  more  particularly  obtained  the  namf  of  tenfor 
rympani.  It  arifes  from  the  cartilaginous  extremity  of 
the  Euftiachian  tube,  and  is  inferted  into  the  back  part 
of  the  handle  of  the  malleus,  which  it  helps  to  pull 
inwards,  and  by  that  means  to  ftretch  the  membrana 
tympani. 

That  part  of  the  ear  which  is  fituated  behind  the 
tympanum  is  called  the  labyrinth.  The  labyrinth  is 
leparated  from  the  tympanum  by  a  bony  partition, 
and  only  communicates  with  it  by  means  of  two 
openings  of  nearly  equal  fize,  one  of  which  is  the 
feneftra  ovalis,  which  is  fliut  by  the  bafe  of  the  ftapes, 
the  other  the  feneftra  rotuncfe,  which  is  clofcd  by  a 
continuation  of  the  membrane  which  lines  the  cavity 
of  the  tympanum. 

In  the  labyrinth  of  the  ear  are  fituated  the  veftibule, 
the  three  femi-circular  canals,  and  the  cochlea. 

The  veftibule  or  porch  is  a  cavity  of  an  irregular 
pundiftx  form^  and  is  placed  nearly  in  the  center  of 
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the  OS  petrofum,  between  the  tympanum*  the  fcmi- 
circular  canals,  and  the  cochlea.  It  is  open  on  the 
fide  of  the  tympanum  by  means  of  the  fen^ftra  ovsHis, 
and  communicates  with  the  upper  portion  of  the 
cochlea  by  an  oblong  foramen,  which  is  under  the 
feneftra  ovalis,  from  which  it  is  feparatcd  only  by  a 
very  thin  partition. 

The  fcmicircular  canals  in  the  infant  are  formed 
of  a  diftinft  bony  (hell,  but  in  the  adult  coalefce  with 
the  firm  os  petrofum,  and  arc  three  in  number. 
They  form  rather  more  than  femicircles,  and  open 
at  both  ends  into  the  veftibule.  Only  five  openings, 
however,  are  obfcrved,  fincc  two  of  the  canals  arc 
united  at  one  termination. 

The  cochlea,  fo  called  from  its  refcmblaace  to  the 
ftell  of  a  fnail,  is  formed  by  a  conical  nucleus  and 
circumvolttions  of  thin  bony  lamelte,  which  perform 
two  complete  circles  and  an  half  before  they  termi- 
nate at  the  apex.  The  can^il  of  the  cochlea  is  divided 
by  a  feprum  into  two  parts,  which  are  called  the 
fcalxj  of  thcfe  one  begins  from  the  fencftra  rotunda, 
and  is  called  the  fcala  tympani,  the  other  from  the 
veftibule,  and  is  called  the  fcala  veftibuli.  The  fep- 
tum,  vv'hich  clividcs  the  fcalnc  from  each  other,  is  partly 
bony  and  partly  membranous ;  it  Is  deficient  at  the 
apex  of  the  cochlea,  where  the  cavities  of  the  fcalas 
communicate.  The  bony  lamella  which  feparates  the 
two  canals  is  exceedingly  thin,  and  fills  about  fwo-thirds 
of  the  diameter  of  the  canal.  The  reft  of  the  fep- 
tum  is  compofed  of  a  moft  delicate  membrane,  whici) 
lines  the  wlvjle  in:crnal  furface  of  the  cochlea.  The 
portio  mollis  of  the  feventh  pair  of  nerves,  furnilhes 
a  film  of  medullary  matter  to  the  whole  internal  fur- 
face  of  the  veftibule,  the  fcmicircular  canals,  and  the 
cochlea.     Every  part  of  the  labyrinth  is  alfo  fuppliecj 
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with  an  aqueous  exudation^  which  is  fuppofcd  co  receive 
and  propagate  to  the  nerves  the  vibratory  motions 
imparted  by  the  air.  When  this  fluid  is  collefted  in 
too  great  quantity,  or  is  compreflcd  by  the  ftapes,  ic 
b  fuppo(ed  to  efcape  through  two  minute  canak  or 
aqueduAs,  lately  delcribed  by  Dr.  Cotunni,  a  phyli- 
cian  of  Naples.  One  oFthe  aquedu6ls  opens  into  the 
bottom  of  the  vcftibulum,  and  the  other  into  the 
cochlea^  near  the  feneftra  rotunda.  They  both  pafe 
through  the  os  petrofum,  and  communicate  with  the 
cranium ;  they  are  lined  with  a  membrane,  which  is 

.  fiippofed  to  be  a  produftion  of  the  dura  mater. 

The  manner  in  which  found  is  propagated  by  pulfcs 
or  undulations  of  the  air  has  been  fully,  and,  I  trufl:, 
clearly  explained  in  a  preceding  part  of  this  work  *; 
and  from  what  has  been  now  ftatcd  it  will  appear, 
that  the  ear  is  aq  organ  admirably  adapted  for  the  re- 
cepuon  of  thefc  imprclTicns.  Sound  is,  however,  not 
merely  conveyed  by  the  external  cavity  of  the  ear; 
but  bv  means  of  the  Euftachian  tube,  tlie  air  finds 
admittance  to  the  cavity  of  the  tympanum,  and  the 
cfFeft  of  the  vibrating  air,  entering  the  mouth,  may 
be  conveyed  to  die  ear.  Hence  we  perceive  the  rea- 
fon  why  perfons  who  liften  very  attentively,  and 
perfons  affefted  with  partial  dcafnefs,  open  their 
mouths.  When  we  breathe,  the  air  received  by  this 
paffage  preflcs  the  membrana  tympani  outwards,  and 
when  we  make  a  very  full  infpiration,  as  in  yawning, 
this  happens  to  fuch  a  degree  as  to  prevent  the  impref- 
fion  of  founds  from  without,  and  occallons  a  tempo- 
rary deafnefs. 

Notwithftanding  the  labour  of  anatomifts  in  tracing 
the  intricate,  Angular,   and  very  curious  ftrufture  of 

•  Sec  book  V.  chap.  10. 
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the  ear,  they  have  never  been  able  to  difcover  the 
peculiar  ufes  to  which  all  the  feveral  parts  are  fubfer- 
▼ient.    That  the  concha  is  defigned  to  catch  and  rever-* 
berate  to  the  auditory  tube  the  vibrations  of  the  air 
we  are  certain,  from  the  analogous  effect  of  a  (imilar 
organ,  the  ear- trumpet.     The   membrana  tympani, 
and  the  little  bones  of  the  ear,  are  faid  to  have  been 
deftroycd   by  difcafe,  without  depriving  the  padeot 
of  hearing.     I   cannot,    however,  fuppofe^  that  any 
part  of  the  ear  is  unntceflary.     It  therefore  (eems 
reafonable  to  believe,  that  the  mennbrana  tympani, 
which  is  ftretched  acrofs  the  paflage  to  which  the 
vibrations  of  the  air  are  direftcd,  is  defigned  to  receive 
them,  for  which  ufe,  by  its  elaftic  nature,  it  is  admi- 
rably fitted.     The  malleus  is  attached  to  the  mem- 
brana tympani,  the  incus  to  the  malleus ;  the  oval  bone 
connefts  one  leg  of  the  incus  to  the  head  of  the  ftapes, 
ilnd  the  bafis  of  the  latter  bone  preffes  on  the  feneftra 
ovalis.     From  this  ftrufture  we  can  fcarely  draw  any 
otlier  conclufion,  than  that  the  trem.ulous  motion  ex- 
cited in  the  membrana  tympani  by  the  impreflionsof  the 
air  are  propagated  through  the  contents   of  the  tym- 
panum,  and  imparted  to  thofe  of  the  labyrinth,  which 
are  lined  with  a  delicate  nervous  film,  on  which  they 
may  operate   fo   as   to  produce  the   ideas   of  found. 
When,  h.owever,  we  contemplate  the  various  parts  of 
the  labyrinili,  we   cannot  allign    any   reafon    for    fo 
complex  a   ftructure,  and  can  only  admire  it   as  one 
of  the  wonders  of  crea  ion.     The  analogy  of  other 
animals,  indeed,  inftructs  us  in    one  particular,  viz. 
that  the  cochlea  is  not  elfential  to  hearing,  fince  birds 
and  fifli  hear  accurately  wiihout  this  partj   but  why  it 
is  not  eiTential  remains  (till  a  queftion. 

To  confefs,  however,  that  we  are  ignorant  of  the 
means  by  which  we  perceive  founds,  is  not  more 
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bumble  than  we  muft  alfo  be  with  refpeft  to  the  in-, 
fbrmadop  derived  from  the  other  fcnfes.  Why  a 
particular  objeA  affedls  our  (enfes  in  a  particular  man- 
ner, is  concealed  from  us  by  circumftances  which  our 
underftandings  cannot  difcover.  As  objcfts  appear 
green  when  (cen  through  a  green  gla(s,  fo  is  every 
otyeflf  nrxxiified  by  the  medium  of  the  ienfes. 

It  is  natural,  however,  to  the  human  mind,  to  be 
delirous  of  perceiving  things  as  they  really  are,  and 
this  may  be  an  enjoyment  provided  for  us  in  a  future 
ftate,  when  we  may  regard  the  earth  merely  as  a  planer, 
and  the  fun  as  a  fixed  (lar;  and  when  the  mind,  liber- 
ated from  the  fetters  of  the  body,  and  endued  with 
new  faculties,  may  at  once  contract  its  attention  to  the 
laws  which  regulate  the  exiftcnce  of  the  minutefl  ani- 
mal,  and  extend  its  views  to  the  comprehenfion  of  all 
the  vaft  bodies  which  conftitute  the  folar  fyftem. 
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TH  r  rjncs,  liric  cxquiStc  organs  which  raifc  the 
r^iTxrc.vr  7*:wtr5  o:  iHc  mind  to  Ibmc  compa<i 
£.".::::  ^-'s.  :\*:."-  c:  ;"  7*frk?r  beings,  and  which  in  an 
ir.iir:  ::":it.c  i^;v::  ^rrrreiT^cris  fiDm  an  almoft  infinite 
Tir^rrr  ::  ::'-ej:s,  i-t  :-  :hc;r  Kru^r'iure  extremely 
£:rr".;.  T--~  irr  "rji:ti  in  tvo  cavidtrs,  the  or- 
blr>.  Tr:^:r.  irVri  :>.=.-:  rr::e:"rIonfrom  a  great  variety 
c:'  :!T:r— :1  ;^  .-!:>.,  ^-.i  cor.^ain  a  qvantiry  of  fa^ 
vi'r.'.j-.  iT-.-^.Tf  ::t  :z::  \t  c:  i  f-:':  ci.it:;:n.  on  which 
:>.:v  r-iv  -;::,  ir.-  rr-::"rr.  :he:r  ilfTerent  moricns  with 
Mr  isi  :'-:".  r*.  'J -.t  z\'::t  c:  ihe  eye  is  imniediarely 
c.  .;:•*.;  rv  :- j  r.';f^..:-.  v.  hij':  are  ccr.tiruations  of  the 

.■.7.1  ^tTi.j.*'.:\i  r^  *""--  ^  ■  *?  ^'•'  '^  ."".U.I  i/icv  procijjcc  wnat 
:-  .-!*.:.:  ihr  rjr..:.:  j  vr.:~:: -a.  Where  the  two  eve- 
I./.-  a-r  vr.rii  :;-:r:!.-r,  r'^ey  form  ti-.e  canthi,  or 
.u-c'->  V :' :  ■.;:  cv^s :  :..-:  r.jx:  L;e  ncfc  is  called  the  in- 
:t:  '.'.I  I -rv;?  cr  inrtii.r  ir.^le  ;  il-j:  ether,  on  the  con- 
tT:.:\\  \\''x\  is  r.c\:  :>.r  ceirples,  is  called  the  external 
iVr.ulI  or  :";:x::.v  .-r^'e.  The  ec^es  of  both  cvelids 
u.re  i'.:rr.::>.i.l  v ::!;  riir.s  of  cartiUge  called  the  tarfi; 
on  [f:e  n^argir.s  of  :hc:cr,  which  arc  called  «iliar>'  edges, 
are  fituated  fcbac-  rjs  glands,  which  difcharge  an  oily 
fluid  for  the  purpofc  of  preventing  adhefion.     The 
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ciliary  edges  of  the  tarfi  are  furnifhed  with  eye-lafhes. 
The  chief  ufc  of  thcfe  feems  to  be,  to  prevent  duft, 
and  other  matters  floating  in  the  atmofphere,  from  fal« 
ling  into  the  eyes. 

At  the  internal  angle  of  the  eye  is  fituated  the  ca* 
runcula  lachrymalis,  which  is  a  fmall  reddifli  oblong 
body.  This  fuBftance  feems  to  be  glandular.  By  the 
aid  of  a  microicope  we  obferve  upon  it  a  great  number 
4>f  fmall  hairs,  covered  by  an  oily  yellowiih  matter.  On 
the  globe  of  the  eye,  near  *this  glandular  body,  is  a 
iemilunar  fold  formed  by  the  membrana  conjunctiva* 
This  fbldj  which  is  called  the  membrana  femilunafis, 
is  fliaped  like  a  crefcent,  the  two  points  of  which 
anfwer  to  the  punfta  lachrymalia,  which  are  the  be- 
giniiings  of  a  canal  terminadng  in  the  cavity  of  the 
noftrils. 

The  (iir&ce  of  the  eye  Is  conflantly  molftened 
by  a  very  fine  limpid  fluid,  the  tears,  which  arc 
chiefly,  and  perhaps  wholly,  derived  from  a  glandj 
fituated  in  a  fmall  depreflion  of  the  os  'frohtis,  near 
the  external  angle  of  the  eye.  Its  excretory  du6ls 
pierce  the  tunica  conjunftiva  jifft  above  the  cartilagi- 
nous borders  of  the  upper  eyelids.  As  this  fluid  enteri 
the  eye  at  the  fuperior  .angle,  it  naturally  defcends 
towards  the  inferior^  and  is  alfo  frequently  fpread  over 
the  furface  of  the  eye  by  the  motion  of  the  eyelids. 
When  it  arrives,  after  thus  having  wafhed  the  eye,  at 
the  internal  angle,  it  is  condufted  by  the  membrana 
iemilunaris  into  the  punfta  lachrymalia,  which  lead  into 
cHe  facchus  lachrymalis,  from  which  it  is  ultimately 
difcharged  into  the  nOfe. 

When  the  eye  is  irritated  by  any  extraneous  fub- 
ftance,  the  tears  are  difcharged  in  greater  quantity,  and 
thus  ferve  as  a  defence  to  this  tender  organ,  and  fome^^ 
times  wafh  awa^  the  caufe  of  irriutioh^  or  facilitate  its 
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removal.  Afic&ions  of  the  mind  alfo  fometimes  occa^ 
fion  an  increafed  flow  of  tears ;  the  efficient  caufe  of 
this  connection  we  cannot  trace,  but  the  final  caufe 
feems  to  be  to  excite  fympathy,  and  urge  the  unfeeling 
heart  to  aSs  of  mercy  and  benevolence. 

The  ball  of  the  eye  is  a  cafe  of  a  globular  form. 
It  confifls  of  three  coats,  an  external  one  called  the 
fclerotica,  which  is  white  and  gliftening  like  the  ten- 
don of  a  mufcle;  an  intermediate  one,  abounding  with 
blood- vefTels,  called  the  choroidesj  and  an  internal 
coat,  called  the  retina,  which  is  an  extremely  tender 
film  or  network,  formed  by  the  expanfion  of  the 
optic  nerve.  This  defcription,  however,  applies  only 
to  the  poftcrior  and  lateral  parts  of  the  eye,  for  at  the 
fore  part  of  the  eye,  inftcad  of  the  opake  tunica 
fcierotica,  we  obferve  a  proje'ting  tranfparent  circu- 
lar part,  continued  from  die  fclerotica,  which  from  its 
fubllancc  being  tranlpa-ent  like  horn^  is  called  the 
cornea.  This  poruon  is  fomcwhat  more  convex  than 
the  fcleroiica,  and  reprcfenrs  the  fegment  of  a  fmall 
fphcro  aviucd  to  the  fegmcn:  of  a  greater,  or,  to  cx- 
prtTs  thir  Tame  idea  in  mere  familiar  language,  it  may 
be  confidered  as  rcfcmbiing  a  convex  watch-glafs, 
fjted  on  the  kfs  convex  I'urface  of  a  watch  cafe. 

The  tunica  choroiues  extends  from  the  back  part  of 
the  eve  as  far  as  the  terniination  of  the  fclerodcai 
whcic  it  is  firn^ly  connected  by  means  of  a  white  ring 
projecting  inwards,  and  called  the  ciliary  circle  or  liga- 
i::cr.:.  From  this  edge  proceeds  a  very  fine  weblikc 
nenibranc  or  curtain,  called  the  iris.  Its  difference  of 
coioi:r  in  different  perlbns  is  a  matter  of  common  ob- 
icrvarion.  In  the  middle  of  die  iris  is  an  opening 
wliich  always  appears  black,  and  which  is  rendered  nar- 
row er  or  wider  by  the  contradile  powers  of  the  iris. 
This  opening  is  called  the  pupil,  through  which  the 
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rays  of  light  are  admitted  to  die  internal  parts  of  the 
cyc; 

The  tunica  choroides  is  defcribed  by  fome  authors 
as  coniifting  of  two  lamina:.     This'defcription^  how- 
cver^  applies  much  better  to  the  eyes  of  fome  animals, 
particularly  to  thole  of  ihccp,  than  to  thofe  of  man. 
Thofe  who  fuppofe  the  choroides  to  confift  of  two 
lamina^  defcribe  the  external  one  as  terminating  at 
the  ciliary  ligament,  and  the  internal  one  as  extending 
further  to  form  the  iris.     This  iris  itfelf  is  deicribed 
as  confiding  of  two  lamime,  and  it  b  very  certain  that 
two  fets  of  fibres  may  be  obferved.     Thcfc  are  fup* 
poled  to  be  mufcular,  and  from  the  mobility  of  the 
iris  there  feems  no  reafon  to  doubt  of  their  being  really 
ib.     Some  of  the  fibres  are  orbicular,  and  lie  round 
the  pupil ',  others  are  ftrait,  and  extend  from  the  cir« 
cumference  of  the  iris  to  its  center.     The  iris  has  mo- 
tions of  fuch  a  nature,  that  the  pupil  is  contraded  on 
tiie  approach  of  a  ftrong  light,  and  is  dilated  in  pro- 
portion as  the  light  is  lefs  vivid.     By  this  admirable 
yet  fimple  contrivance,  the  eye  adapts  itfelf  to  the  dif- 
ferent proportions  of  light  to  which  it  is  expofed..    If 
the  pupil  was  always  as  much  contracted  as  it  is  when 
expofed  to  the  light  of  noon  day,  a  weaker  light, 
fuch  as  that  of  the  moon,  could  not  be  admitted  with 
fufiicient  freedom  to  infwer  any  ufeful  purpofe.     On 
the  contrary,  if  the  pupil  was  immoveably  dilated,  we 
might  take  advantage  of  the  fcattered  rays  of  light, 
but  (hould  be  diilrefled  and  bliiided  by  the  glorious 
effulgence  of  the  mid-day  fun.     When  a  ftrong  light 
fucceeds  to  darknels,  we  are  under  a  neceflity  of  clofing 
the  eye-lids,  or  of  turning  away  the  head,  till  the  pupil 
has  been  accommodated  to  the  change  by  the  con- 
tradlile  powers  of  the  iris. 

The  choroid  coat  is  internally  covered  with  a  flimy 
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f  jfct^r.cc  of  a  dark  colour,  called  the  jngmencum  ni- 
^jrru  The  epithet  black,  however,  is  not  defcriptivc  of 
this  fubftance  in  everv  race  of  animals.     On  the  con- 

0 

tra.-y,  in  the  ferret  the  pigmentum  is  white,  and  diis  cir- 
curr.llance  enables  that  animal  to  fee  in  the  dark,  a 
faculty  well  adapted  to  its  habits  and  mode  of  life. 
In  man,  diftinct  Tifion  in  a  full  light  is  a  more  uftfoi 
quality  than  the  power  of  diftinguifhing  ol^e6ks  where 
die  light  of  day  is  excluded.  The  reafbn,  therefore, 
of  the  black  colour  of  the  pigmentum  is,  probably, 
that  thofe  rays  which  pafs  the  retina,  which  is  a 
fibrous  fubftance,  nruy  be  abfbrbed,  whereas,  when 
it  is  of  a  light  colour,  many  of  diera  are  reflefted  and 
ftrike  the  retina,  thus  increafing  the  power  of  vifion 
where  there  is  a  deficiency  of  light,  but  producing  too 
great  an  effulgence  and  glare  in  ordinary  cafes.  This 
refieclion  is  very  obvious  in  the  degree  of  illumination 
which  proceeds  from  the  eyes  of  a  cat  in  a  dark 
pbce  *. 

The*  poilerior  part  of  the  iris  is  of  the  colour  of  a 
grape,  arid  was  tacrtTore  by  the  ancients  called  the 
uvea.  TI;C  eye,  being,  therefore,  every  where  pro- 
vided within,  except  at  the  entrance  of  the  optic  nerve, 
with  a  lining  of  a  dark  colour,  becomes  a  camera  ob- 
fcura,  and  the  lif-hc  which  is  admitted  through  the 
pupil,  and  palTes  to  the  bottom  of  the  eye,  is  not  dif- 
tiirbed  with  light  reflccled  from  other  furfeces. 

The  ball  of  the  eye  is  filled  with  three  fubftances, 
w]:ich  differ  from  each  other  in  confutence,  but  are 
all  called  humours  of  the  eye  ;  they  arc  the  vitreous, 
tlie  cryftalline,  and  the  aqueous.  See  plate  xv.  fig.  i, 
and  2. 


Hunter  on  the  pigmentum  of  :hc  eye.      See  his  AniiiuJ 
iTconomv. 
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The  vitreoiu  humour  was  fo  called  from  a  fuppofed 
reicmblance  to  melted  giafs ;  it  is  a  ckar  and  gelatinous 
fluid,  very  much  reiembling  the  white  of  an  egg.  It 
fills  about  three  fourths  of  the  globe  of  the  eye,  and 
extends  from  the  pofterior  part  of  the  eye  as  far  as  the 
ciliary  ligament.  It  is  contained  in  a  fine  tranfparent 
capfule  or  membrane,  and  being  dexteroufly  removed 
'  from  the  globe  of  the  eye,  prefcrves  its  confidence  for 
fbme  time,  being  fupported  by  its  capfule,  but  after- 
wards runs  off,  and  the  capfule  (hrinks  by  degrees. 
The  thin  capfule  which  furrounds  the  vitreous  humour 
lends  off  a  number  of  membraneous  proccffcs  into  the 
vitreous  fubftance,  where  they  form  cells,  which  com- 
municate with  each  other,  and  afford  a  greater  d^ree 
of  firmnefs  and  tenacity  to  the  whole  mais. 

The  anterior  part  of  the  vitreous  humour  is  exca- 
vated for  the  reception  of  the  cryftalline.  This  body 
has  the  confidence  of  very  firnii  jelly,  and  has  the  form 
of  a  lens  more  convex  behind  than  before.  It  is  moft 
properly  denominated  the  crydalline  lens,  and  is  in- 
veded  with  a  capfule,  which  is  derived  from  that  of  the 
vitreous  humour,  or  at  lead  connected  with  it.  Steno 
obferved,  that  the  lens  was  compofcd  of  concentric 
lamellae,  and  Zinn  has  difcoyered  radiated  dreaks  of  a 
pearl  colour,  dividing  it  into  little  triangles.  The 
colour  and  confidence  of  the  crydalline  humour  varies 
at  different  ages.  Till  the  age  of  thirty  it  is  very  tranf- 
parent, and  almod  without  any  colour.  It  afterwards 
becomes  yellowidi,  and  that  yellownefs  gradually  in- 
creafes.  Till  the  age  of  twenty  the  confidence  of  the 
Jens  is  generally  uniform  throughout ;  from  this  time 
it  becomes  harded  in  the  middle,  and  this  hardneis 
gradually  increafei,  and  extends  towards  the  furface  *. 

The 

*  The  cryftalline  lens  in  fi(h  is  completely  fphericaU  and  is 
Ifior^  dcnfe  thai^  in  terrcftrial  animals.    This  difFt rence  is  to  be 
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The  fore  part  of  the  eye  is  filled  by  a  fluid  tranf- 
parent  like  the  others,  but  as  thin  as  water,  and  it  is 
dierefbre  called  aqueous ;  tlus  occupies  all  the  fpace 
between  die  cryftalline  lens  and  the  prominent  cornea. 
The  iris  floats  loofely  in  this  fluid,  and  divides  it  into 
two  parts  called  chambers,  which  communicate  with 
each  odier  through  the  pupil.     The  pofte^-ior  chamber 

is  that  fpace  contained  between  the  pofterior  fur&ce 
of  the  iris  and  the  lens  >  the  anterior  is  that  between 
the  anterior  part  of  the  iris  and  the  cornea. 

The  eye  receives  its  blood  from  the  internal  carptid 
artery.  The  optic  nerve  does  not  enter  it  immedi- 
ately behind  the  pupil  at  its  pofterior  part,  but  rather 
towards  the  nofe,  fo  that  the  diftance  between  the  pupil 
and  optic  nerve  is  greater  when  meafured  round  the 
external  fide  of  the  eye  next  the  forehead,  than  when 
the  internal  furface  is  meafured  next  the  nofe.  At  that 
part  of  the  eye  where  the  optic  nerve  enters,  no  fenfc 
of  vifion  can  be  excited. 

The  mufcles  of  the  eye  have  been  already  defcribed 
in  another  part  of  the  work.  For  the  human  eye, 
fee  Plate  XV.  Fig.  i,  and  2. 

The  father  of  the  prefent  Dr.  Monro,  of  Edinburgh, 
has  publiflied,  in  his  comparative  anatomy,  fome  excel- 
lent remarks  on  the  variety  in  the  eyes  pf  different  ani- 
mals, than  which  no  more  ftriking  inftance  can  be  pro- 
duced of  the  wifdom  and  defign  which  pervades  creation. 

*  All  quadrupeds  have,  he  obferves,  at  the  internal 
canthus  of  the  eye,  a  ftrong  firm  membrane  with  a 

accounted  for  from  the  difTcrent  refradive  power  of  the  medium 
in  which  they  live.  The  rays  of  light,  in  pailing  out  of  one  me- 
dium into  another,  undergo  a  refr^6lion  proportioned  to  the  dif- 
ference of  their  deniities.  As  water,  therefore,  is  a  more  denfe 
medium  than  air,  the  tyts  of  fuch  animals  as  inhabit  the  former 
mufl  have  a  greater  refradlive  power  than  thofc  which  live  in  the 
latter,  for  (he  produ£Uon  of  dillinQ  vifioiu 
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cartilaginous.  edge>  which  may  be  made  to  cover  fome 
part  of  their  eye  i  and  this  is  greater  or  lefs  in  differ- 
ent animals,  as  their  eyes  arc  more  or  lefs  expofed  to 
dangers  m  fearching  after  their  food.  This  menunrana 
niSlitans^  as  it  is  called,  is  however  not  very  large  in  all 
thefe  animals.  Cows  and  horfes  have  it  fo  large  as  to 
cover  one  half  of  the  eye  like  a  curtain,  and  at  the 
fame  time  it  is  tranfparent  enough  to  allow  abundance 
of  the  rays  of  light  to  pafs  through  it.  Fifties  have  a 
cuticle  always  over  their  eyes,  as  they  are  ever  in  danger 
in  that  inconftant  element,  the  water.  In  this  there- 
fore we  may  obfcrve  a  fort  of  gradadon. 

*  All  quadrupeds  have  a  ieventh  mufcle  belonging 
to  the  eye,  called  Jujpenforius .  It  furrounds  almoft  the 
whole  opdc  nerve,  and  is  fixed  into  the  fclerotic  coat 
^  the  others  are.  Its  ufe  is  to  fuftain  the  weight  of 
the  globe  of  the  eye,  and  to  prevent  the  optic  nerve 
from  being  too  much  flretched,  without  obliging  the 
four  flrait  mufcles  to  be  in  a  continual  contraftion, 
which  would  be  inconvenient:  at  the  fame  time  this 
mufcle  may  be  brought  to  affift  any  of  the  other  four, 
by  caufmg  one  particular  portion  of  it  to  aft  at  a  time. 

*  The  next  thing  to  be  remarked  is  the  figure  of  the 
pupil,  which  is  different  in  different  animals,  but  air- 
ways exaftly  accommodated  to  the  creature's  way  of 
life,  as  well  as  to  the  different  fpecies  of  objecfts  that 
are  viewed.  Man  has  it  circular,  for  obvious  reafons  : 
an  ox  has  it  oval,  with  the  longeft  diameter  placed 
tranfverfely,  to  take  in  a  larger  view  of  its  food  :  cats, 
again,  have  theirs  likewife  oval,  but  the  longeft  dia- 
meter placed  perpendicularly  \  they  can  either  exclude 
a  bright  light  altogether,  or  admit  only  as  much  as  is 
neceflary.  The  pupil  of  different  animals  varies  in 
widenefs,  according  as  the  internal  organs  of  vifion  are 
(ppre  or  leis  acute :  thus  cats  and  owls,  who  feck  their 
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prey  in  the  night:,  or  in  dark  places  (and  confequc^ndjr 
ifnuft:  have  their  eyes  fo  formed  as  that  a  few  rays  of 
light  may  nnake  a  lively  impreflion  on  the  retina),  havo 
their  pupils  in  tthe  day-time  contrafted  into  a  very  nar- 
row fpace,  as  a  great  nuipber  of  rays  would  opprefi 
their  nice  organs ;  while  in  the  night,  or. where  the 
light  is  faint,  they  open  the  pupil,  and  very  fully  admit 
the  rays.  In  the  fame  way,  wh^n  die  retina  is  in* 
j9amed,  a  great  number  of  rays  of  light  would  occaGon 
a  painful  fenfation  i  therefore  the  pupil  is  contracted : 
pn  the  contrary,  in  dying  people,  or  in  a  beginning 
amaurofis,  it  is  generally  dilat(:d,  a$  the  eyes  on  fuch 
pccafions  are  very  difficultly  affedled,  and  in  fome 
ineafure  infenfible.     See  Plate  XV.  Fig.  3,4,  5. 

*  The  poftcrior  part  of  the  choroid  coat,  which  is 
(ailed  tapetum,  is  of  different  colours  in  different 
creatures.  For  oxen,  feeding  moflJy  on  grafs^  have 
this  membrane  of  a  green  colour,  that  it  may  rcfleft 
upon  the  retina  all  the  rays  of  light  which  come  from 
the  objefts  of  that  colour,  while  other  rays  are  ab- 
forbed :  thus  the  animal  fees  its  food  better  than  it 
does  other  objc:cts.  Cats  and  owls  have  their  tapetum 
of  a  whitilh  colour ;  and  for  the  fame  reafons  haye  the 
pupil  very  dilatable,  and  their  organs  of  vifion  acute : 
and  we  fhall  find,  that  all  animals  fee  more  or  lefs  dif-. 
tindly  in  the  dark,  according  as  their  tapetum  ap- 
proaches nearer  to  white  or  black  colour.  Thus  dogs, 
who  have  it  of  a  grcyifh  colour,  diftlnguilh  objcfts 
better  in  the  night  than  man,  whofe  tapetum  is  dark 
brown,  and  who,  I  believe,  {tt%  worfl  in  the  dark  of 
any  creature;  it  being  originally  defigncd  that  he  (hould 
reft  from  all  kinds  of  employment  in  the  night  time. 
The  difference  then  of  the  colour  of  the  tapetum,  as 
indeed  the  fabric  of  any  other  part  in  different  creatures, 
always  depends  pn  fome  particular  advantage  accruing 
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^o  the  animal  in  its  peculiar  manner  of  life  from  this 
fingularity  \' 

It  was  neceflary,  in  a  (brmer  part  of  this  work,  to 
potice  the  fubjed  of  vifion,  in  defcribing  the  effedts 
^uid  phenomena  of  Ijght  f  •  The  eye  was  then  men* 
doned  as  a  mere  optical  inftrument^  but  after  the  par- 
ticular defcripdon  of  that  oi^an>  which  has  now  been 
giyen,  a  more  particular  inveftigarion  of  the  ienfe  of 
fight  leems  to  be  required ;  and  ihould  the  reader  find 
any  thing  like  reperidon  in  what  will  now  be  fubmitted 
%o  him,  his  candour  will,  I  doubt  not,  pronounce  my 
S^pologyfor  endeavouring  to  render  as  dear  as  poflible 
a  fubjeS:  which  is  at  once  both  important  and  difficult 
p  be  qnderftood. 

It  has  been  fufficiently  explained,  that  from  every 
point  of  a  vifible  objeft  the  rays,  or  rather  pencils, 
of  light  are  emitted  or  refle£ted  in  every  direction  | 
but  to  produce  vifion,  it  is  neceflfary  that  they  fhouU 
be  concentrated  or  converged  to  a  fuch  point  as  to  make 
a  forcible  impreffion  on  the  retina.  Thus  from  the 
luminous  body  A  (Fig.  6.)  the  rays  r,  r,  r  are  fent  in 
various  directions.  Thofe  which  fall  upon  the  tranf- 
parent  cornea  C  C  are  there  refrafted  in  fuch  a  manner 
9S  to  enter  the  pupil  at  py  and  in  pafTing  the  cryftalline 
lens  or  humour  they  fufFer  a  fecond  refraftion,  and  arc 
converged  to  a  point  or  focus  at  the  point  a  on  the  re- 
tina. Now  it  is  evident,  that  if  the  rays  could  have 
palled  the  humours  of  the  eye  in  their  natural  direftion, 
that  is  in  the  direftion  of  the  cone  or  pyramid  C,  A,  C, 
they  would  have  made  upon  the  retina  a  very  exten- 
five  but  feeble  impreffion,  fuch  as  we  know  by  expe- 
rience could  not  produce  diflinft  vifion  j  to  obviate  this 

•  Monro's  Comparative  Anatomy, 
f  See  boqk  ui«  chap,  7. 
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it  is  appointed  by  the  all- wife  author  of  our  exiftencei 
that  by  the  forpe  of  the  rcfraftion  which  they  fuffcr  in 
the  eye,  they  fhould  form  another  cone  oppofed  to  the 
lirfl:  at  its  bafe^  and  the  apex  of  which  is  at  a,  and  thus 
an  imprelTion  fufficiently  forcible  to  produce  diftinft 
vifion  is  made  on  the  retina. 

In  the  preceding  inftance,  the  luminous  body  A 
y^as  confidered  as  a  point,  and  what  has  been  faid  of  it 
will  apply  to  every  point  of  a  vifiblc  objeft,  which  is 
capable  of  tranfmitting  or  reflefting  to  the  eye  a  pen- 
cil or  coUeftion  of  rays^  Thus  we  may  eafily  fup- 
pofc  that  from  every  point  of  the  arrow  A,  D,  B, 
(Fig.  7.)  pencils  of  light  may  be  tranfmittcd ;  thcfe, 
like  all  pencils  or  coUedions  of  rays,  coming  from  a 
point,  will  diverge,  and  will  fall  upon  the  eye  in  the 
form  of  cones  or  pyramids,  fuch  as  A,  M,  C,  from  the 
point  A  5  D,  tf,  i  from  the  point  D  j  and  B,  C,  N,  from 
the  point  B.  If  the  eye,  therefore,  is  in  a  proper  ftatc, 
the  divergent  rays  proceeding  from  the  point  D  will 
be  united  together  into  one  pencil  or  mafs,  fuch  as 
they  were  when  they  firft  proceeded  from  the  objeft, 
at  the  point  d,  upon  the  retina ;  the  divergent  rays, 
which  fall  more  obliquely  from  the  point  A,  will  be 
united  on  the  retina,  at  the  point  a ;  and  thofe  which 
proceeded  from  B  will,  by  the  fame  rule,  be  converged 
and  meet  at  b.  Hence  it  is  evident,  that  by  means  of 
this  refraftion  there  are  certain  points  at  which  the 
rays  of  light,  after  pafling  the  pupil,  crofs  each  other, 
;ind  the  image  which  is  formed  on  the  retina  is  confer 
quently  inverted. 

If  the  humours  of  the  eye,  through  age  or  weaknefs, 
have  fhrunk  or  decayed,  the  cornea  will  then  be  too 
fiat,  and  r!ic  rays  not  being  fufficiently  bent  or  refrafted, 
arrive  at  the  retina  before  they  are  united  in  a  focus, 
nd  would  meet,  if  not  intercepted  in  fomc  place  bc- 
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hind  it,  as  in  Plate  XVI.  Fig.  8.  They  therefore  do 
not  make  an  impreflfion  fufficiently  correft  and  fbrcible» 
but  form  an  indiftinft  pifhjre  on  the  bottom  of  the  eye, 
and  exhibit  the  objedl  in  a  confufed  and  imperfeft  man- 
ner. This  defcft  of  the  eye  is  therefore  remedied  by 
a  double  convex  lens,  fuch  as  the  common  (peftacle 
glafles,  which,  by  caufing  the  rays  to  converge  fooner 
than  they  other  wife  would,  afford  that  aid  to  this  dc- 
feft  of  nature  which  the  circumftances  of  the  cafe  may 
require,  the  convexity  of  the  glafs  being  always  pro* 
poru'oned  to  the  deficiency  in  vifion. 

If,  on  the  contrary,  the  cornea  is  too  convex,  the 
jrays  will  unite  in  a  focus  before  their  arrival  at  the 
retina,  as  in  fig.  9,  and  the  image  will  ahb  be  indif- 
t/nft.  This  defeft  is  remedied  by  concave  glafTes, 
which  caufe  the  rays  to  diverge,  and  confequently, 
by  being  properly  adapted  to  the  cafe,  will  enable  the 
eye  to  form  the  image  in  its  proper  place. 

As  the  direftion  in  which  the  rays  crofs  each  other 
bears  a  due  proportion  to  the  angle  in  which  they  arc 
tranfmitted  from  the  objeft  to  the  eye,  it  is  evident 
that  the  image  formed  upon  the  retina  will  be  propor- 
tioned to  the  apparent  magnitude  ;  and  thus  we  have 
our  firft  ideas  of  the  fize  and  diftance  of  bodies,  which, 
however,  in  many  cafes  are  correfted  by  experi- 
ence. The  nearer  any  objeft  is  to  the  eye,  the  larger 
is  the  angle  by  which  it  will  appear  in  the  eye,  and 
therefore  the  greater  will  be  the  feeming  magnitude  of 
that  body.  This  faft  has  been  already  explained,  but 
to  render  i(  ftill  clearer,  fuppofc  the  objcft  H  K 
(fee  Fig.  10.)  to  be  at  a  hundred  yardi  diftance,  it  will 
form  an  angle  in  the  eye  at  A.  At  two  hundred  yards 
diftance,  the  angle  it  makes  will  be  twice  as  fnr^ll  in 
the  eye  at  B.  Thus  to  whatever  moderate  diftance 
the  objcft  is  removed,  the  angle  it  forms  in  the  eye 

will 
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will  be  proporcionably  Icfs,  and  therefore  the  object  will 
be  diminifhed  ia  the  fame  proportion. 

From  (bme  late  experiments  made  by  Dj.  Hofach 
and  Mr.  Ramfden,  it  appears,  that  the  power  of 
changing  the  focus  of  the  eye,  and  adapting  it  to  dif- 
ferent diftances,  does  not  rcfidc  in  the  cryftalline  lens, 
but  in  the  cornea:  that  the  cornea  is  compofed  of  la- 
mina? s  that  it  is  ela(lic,and  capable  of  being  elongated 
one  eleventh  of  its  diameter,  ami  of  contrafting  to  its 
former  length  by  its  own  exertions ;  and  *  laftly,  that 
the  tendons  of  the  four  ftrait  mufcles  of  tlie  eve 
are  continued  to  the  edge  of  the  cornea,  and  termi- 
nate or  are  inferted  in  its  external  lamina.  Bv  the 
fanne  experiments  it  was  found,  that  in  changing  the 
focus  of  the  eye  from  feeing  with  parallel  rays  to  a 
pear  diftance,  there  is  a  vifible  alteration  produced  in 
the  figure  of  the  cornea,  which  renders  it  more  convex; 
and  the  alteration  by  which  the  cornea  is  brought 
back  to  its  former  (late  is  equally  vifible  *. 

Artificial  eyes  are  fold  by  the  opticians,  in  which  all 
the  humours  are  made  of  different  kinds  of  glafs,  an4 
may  be  feparated  at  pleafure^  At  the  back  part,  where 
the  retina  is  fuppofed  in  the  natural  eye  to  receive  the 
converged  rays,  is  placed  a  piece  of  ground  glalsj 
where  the  image  from  the  oppofed  objefts  is  painted 
in  an  inverted  pofition,  as  in  a  camera  obfcura.  The 
fame  effcdt  may  be  produced  with  a  natural  eye,  and 
the  nature  of  vifion  may  be  thus  experimentally  de- 
monftrated:  if  a  bullock's  eye  is  taken  frefli,  the  pof- 
terlor  coats  dexteroufly  removed  even  to  the  vitreous 
humour,  and  if  a  piece  of  white  paper  is  then  placed  at 
the  part,  the  image  of  any  bright  objeft  which  is  placed 
before  the  eye  will  be  feen  di(lin£lly  painted  on  th^ 
paper,  but  in  an  inverted  pofition. 

•  Phil.  Tranf.for  1795,  Part.  ^. 
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It  has  been  a  matter  of  much  doubt  and  difpute  by 
what  means  it  hajppens  that  we  fee  every  objcft  in  its 
natural  upright  pofition,  when  we  know  it  to  be  in- 
verted on  the  objeft  of  fenfation.     To  this  the  moft 
latisfaftory  anfwer  that  can  be  given  is,  that  we  do  not 
fee  the  pifturc  which  is  formed  at  the  bottom  of  the 
eye,  but  the  objcft  itfelf.     The  pifture,  or  rather  the 
imprcffion  made  on  the  retina,  is  the  means  of  feeing, 
and  therefore  it  does  not  appear  of  material  conse- 
quence on  what  part  of  the  retina  the  impreffion  is  made. 
We  in  faft  fee  the  image  in  the  direftion  of  that  ray 
which  conveys  to  us  the  fenfation,  or  rather  in  the  di- 
Tcftion  of  the  axis  of  that  pyramid,  which  a  pencil  of 
divergent  rays  forms  in  proceeding  from  any  point  of 
an  objeft-     Thus  in  Fig.  7.  we  fee  the  point  of  the 
arrow  (which  is  indeed  depiftrd  in  the  lower  part  of 
the  eye)  in  the  direftion  of  the  line  a,  A>.ithat  is,  in  its 
proper  upright  pofition.     On  the  contrary,  we  (cc  the 
other  extremity  of  the  arrow  (which  is  painted  on  the 
fupeiior  part  of  the  retina)  in  the  direftion  of  i,  B, 
that  is  at  the  lower  end  of  the  objedt.  However,  there- 
fore, "he  image,  which  is  formed,  may  appear  inverted 
to  a  perfon  infpefting  a  natural  eye,  a^  in  the  preced- 
ing experiment,  ftill  the  eye  itfelf  difcern:*  the  object  in 
its  proper  and  natural  pofition. 

As  the  rays  of  light  are  emitted  or  reflefted  from  a. 
vifible  objeft  in  all  direftions,  it  is  evident,  that  fome 
of  them  from  every  part  of  it  muft  reach  the  eye.  Thus 
the  objcft  A,  B,  C.  (Fig.  1 1.)  is  vifible  to  an  'eye  in 
any  part,  where  the  rays  A  a,  A  i,  A  r,  A  ^,  A  e, 
Ba,Bt,Bc,  BJ,  Be,  C  a,  C b,  C  c,  C  d,  and 
C  ^  can  come.  But  though  rays  are  reflefted  from 
every  point  of  the  objeft  to  every  point  of  the  circum- 
ambient fpace,  yet  it  is  evident,  that  only  thofe  rays 
which  pafs  through  the  pupil  of  the  eye  can  afFc6k  the 
K  fcnfe  i 


39*        OhjeSs  feen  Jingle  ly  two  Eyes.      £Bodc  IX* 

ienfe ;  thcfe  rays  give  alfo  the  idea  of  difFcrent  colours, 
according  to  the  properties  of  the  bodies  which  trant- 
mic  or  refieft  them^  upon  the  principles  formerly  de- 
monftrated. 

It  is  very  difficult  to  explain  how  it  happens  that 
two  didind  images  are  painted  upon  both  eyeSj  and 
yet  that  we  only  perceive  a  finglc  objeft.  This  dif- 
ficulty has  been  attempted  to  be  folved  by  having 
recourfe  to  the  power  of  habit  \  but  I  confcfs  I  can- 
not help  being  of  opinion  with  Dr.  Reid>  that  the' 
correfpondence  of  the  centers  of  the  two  eyes,  ob 
which  fingle  vifion  depends,  does  not  arife  from  cuftom^ 
but  from  Ibme  natural  conftitution  of  the  optic  nerves. 
The  cafe  of  the  young  man  born  blind^  who  was 
couched  by  Mr.  Chcfelden,  and  who  faw  fingly  with 
both  eyes,  immediately  upon  receiving  bis  fight,  i^ 
very  properly  adduced  by  that  refpeftable  author  in 
favour  of  this  fuppofition.  tie  alfo  found,  that  three 
young  gendemen,  whom  he  endeavoured  to  cure  of 
fquinting,  faw  objcfts  fingly,  as  foon  as  they  were 
brought  to  direft  the  centers  of  both  eyes  to  the  fame 
objeft,  though  they  had  never  been  ufed  to  do  {o  from 
their  infancy ;  he  remarks  too,  that  there  are  cafes  in 
which  the  fiilleft  conviftion  of  an  objeft  being  finglc 
will  never  make  the  objedl  appear  fo,  even  by  the 
longeft  pradice,  as  in  the  cafe  of  looking  through  z 
multiplying  glafs  *. 

In  thofc  who  fquint,  the  diftance  between  the  two 
pupils  is  confiderably  lefs  than  in  other  perfons,  for 
when  the  pupil  of  the  undiftorted  eye  is  feated  in  the 
middle  of  the  orbit,  as  in  looking  direftly  forwards, 
the  pupil  of  the  other  eye  is  drawn  clofe  to  the  nofe, 
fo  that  the  two  axes  are  never  pointed  at  the  fame  ob- 

*  Rcid's  Inquiry  Into  Human  Mind,  p.  267. 
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y6ty  though  the  mufcles  fo  far  a6b  in  conceit  with  each 
odicr^  as  to  move  both  eyes  the  fame  way  at  the  fame 
inftant  of  time.  Dr.  Jurin  obferves,  that  this  vicious 
habit  may  eafily  be  cootraded  by  a  child^  if  he  is 
laid  in  his  cradle  in  (pch  a  pofition  as  to  perceive  the 
fight  with  one  eye  only. 

The  moft  common  caufc  of  fquinting  is,  however, 
an  inferiority  in  the  fight  of  one  of  the  eyes.  Dr. 
Reid  aflcrts,  that  having  examined  above  twenty  per- 
Ions,  who  fquintedj  he  found  in  all  of  them  a  defedfc 
in  the  fight  of  one  eye.  Four  of  them  only  had  fo 
much  of  difliind  vifion  in  the  weak  eye  as  to  be  able 
to  read  with  it,  while  the  other  was  covered  ;  the  reft 
law  nothing  diftinftly  with  the  defcftive  eye  *. 

When  the  eyes  are  equally  good,  we  fee  with  both 
eyes  more  diftindly  than  with  one,  by  about  a  thirteenth 
part ;  but  when  the  eyes  are  unequal  in  their  powers, 
objects  appear  lefs  diftind  with  both  eyes  than  with 
one.  It  is  no  wonder,  therefore,  that  fuch  perfons 
ihoiild  chufe  to  'make  ufe  of  one  eye  only,  and  to 
turn  the  other  afide ;  the  weak  eye,  in  this  cafe,  is 
generally  turned  to  the  nofe,  becaufe  in  that  fituation 
the  direftion  of  its  axis  is  as  diftant  as  poflible  from 
chat  of  the  good  eye  j  and  befides  this,  the  nofe  con- 
ceak  many  objefts  from  its  view. 

This  is,  however,  not  the  only  caufe  of  fquinting ; 
it  is  fometimes,  though  rarely,  the  effect  of  habit,  as 
was  intimated  re(pc6ting  children  being  laid  in  the 
cradle  with  one  eye  turned  from  the  light,  or  covered. 
When  the  eye  that  fquints  is  turned  outwards  towards 
the  temples,  that  caft  of  the  eye  is  commonly  the  mere 
cflFecl  of  habit. 

If  the  eyes  difier  much  in  point  of  goodnefs,  the 
£ure  will  be  extremely  difficult.     When  they  do  not 

-  Reid*s  inquiry  into  Human  Mind,  p.  253. 
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materially  differ  in  this  rcfpeft,  the  proper  and  natural 
cure  is  to  cover  the  good  eye  for  Ibmc  time  j  for  io 
this  cafe  the  diftorted  eye  is  obliged  to  aft,  and  to 
turn  itfelf  direftly  to  objefts,  which  in  a  little  time 
becomes  natural  and  eafy  to  it.  Even  a  very  weak 
eye  acquires  ftrcngth  by  exercife }  perfdns  whofe  fqiiint- 
ing  fcemcd  almoft  incurable,  having  covered  their 
good  eye  for  a  few  minutes  only,  have  been  themfelves 
furprifed  to  find  the  ftrength  that  their  bad  eye  had 
acquired  by  exercife  even  for  thdt  ihort  period.  When 
the  fquint  has  proceeded  entirely  from  a  vicious  habit^ 
a  cure  has  been  efFecled  by  covering  the  good  eye  for 
a  fortnio:ht  onlv  *. 

The  powers  of  this  fenfc  are  limited,  as  well  as  thofc 
of"  every  other  fenfe  and  faculty  of  man, 

ift.  The  fight  is  very  limited  with  refpeft  to  bodies 
in  motion  j  for  with  a  certain  degree  of  velocity,  as 
that  of  a  cannon  ball  through  the  air,  they  are  not  vifi- 
ble,  unlefs  very  luminous. 

2.  The  fame  efFcft  is  exemplified  by  the  experi- 
ment of  whirling  a  lighted  coal,  as  was  already  in- 
timated. 

3.  If  two  objefts  unequally  diftant  move  with  the 
fame  degree  of  velocit)',  the  more  remote  will  appear 
the  flower.  4th.  A  vifible  objeft  moving  with  any 
velocity  appears  to  be  at  reft,  if  the  fpacc  defcribcd 
m  a  fccond  of  time  is  invifible  to  the  eye.  Thus  a 
near  objeft,  as  the  index  of  a  clock,  moving  flowly, 
or  a  remote  one,  as  a  planet,  moving  fwiftly,  appeaiis 
to  be  at  reft.  5th.  It  is  well  known,  that  when  the 
eye  is  proceeding  ftrait  forward,  as  in  a  boat  at  fea,  a 
lateral  object,  either  at  reft,  or  moving  not  fo  faft,  ap- 
pears to  nK)ve  the  contrary  way.     6th.  If,  however,* 

•  Reid's  Inquiry  into  the  Human  Mind,  p-  2^5. 
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die  objcdt  is  at  a  very  great  diftance^  it  will  (eem  to 
go  the  fame  way,  as  when  a  pcrfbn  runs  by  moon- 
light>  the  moon  appears  to  accompany  him.  7th.  If  two 
or  more  objects  move  with  the  fame  velocity^  and  a 
third  remains  at  reft,  it  will  appear  in  niotion  while  the 
moving  ones  fecm  at  reft ;  this  is  exemplified  by  the 
moon  and  the  clouds. 

There  are  fix  natural  methods,  by  which  we  judge 
of  the  diftance  of  objcAs  from  the  eye.     ift.  By  the 
amgle  whicli  is  made  by  the  optic  axes.     For  want  of 
this  diredion  it  has  been  obferved,  that  perfbns  who 
are  blind  of  one  eye  frequently  mifs  their  mark  in 
pouring  liquor  into  a  glafs,  &c.  andly,  and  I  think 
moft  generally,  by  the  apparent  magnitude  of  ob-^ 
jefts.     By  depending  upon  this  method  we  are  very 
frequently  deceived  in  our  eftimaces  of  diftance  by 
'any  extraoidinary  large  objeds,  as  in  travelling  to  a 
great  city,  church,    or  cattle,  we  fancy  them  nearer 
than  they  really  are.     This  fumiflies  us  with  a  rea- 
fon  why  animals  and  other  fmall  objefts  feen  conti*. 
guous  to  large  mountains  appear  exceedingly  fmall ; 
for  we  imagine  the  mountain  to  be  nearer  to  us  than 
it  aftually  is.     When  we  look  down  alfo  from  a 
high  building,  the  objefts  beneath  us  appear  much 
fmalier  than   they   would  at  the  fame  diftance  oa 
the  level  ground ;  the  reafon  is  plainly,  becaufe  wc 
have  no  diflin6b  idea  of  diftance  in  that  direAion, 
and  therefore  judge    by  the  impreflions  upon    the 
retina,  whereas  cuftom  has  correfted  our  judgment 
in  the  other  cafe.      The  third  method  of  determin- 
ing the  diftance  of  objedts  is  by  the  force  and  vivid - 
tic&  of  the  colours,  and  the  Hfth  is  analogous  to  it» 
namely,  by  the  different  appearance  df  the  minute 
para.     When  thefc  appear  diftinft,  we  judge  the  ob- 
jed  to  be  near^  and  the  contrary  when  they  appear 
Vol.  Ilh  Dd  fai/)t 
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faint  or  confufed*  6thlyj  We  are  aflifted  in  judg^ 
of  the  diftance  of  any  particular  objcfts,  by  the  other 
objedts  which  are  interpofed.  On  this  account,  dif- 
tanccs  upon  uneven  ground  do  not  appear  fb  great 
as  upon  a  plain ;  for  the  valleys^  rivers,  and  other 
objedls  that  lie  low,  are  many  of  them  loft  to  the 
fight.  This  too  is  the  rcafon  why  the  banks  of  a  river 
appear  contiguous  when  the  river  lies  low  and  is  not 
fcen  *. 

In  children  the  pupil  is  ufually  more  dilated  than 
in  grown  perfons.  The  reafon  of  this  appears  to  be, 
that  in  childhood  the  cornea  is  more  fiexible,  fb  as  to 
be  very  eafily  bent  into  any  curvature  neceflary  for 
diftinft  vifion,  and  confequendy  the  pupil  has  Icis 
occafion  to  contraft.  In  grown  perfons  the  cornea  b 
ftiffer,  they  have  therefore  more  neccflity  to  contract 
the  pupil.  In  elderly  perfons  tlie  cornea  grows  fbll 
more  rigid  j  for  this  reafon  they  are  obliged  fomedme^ 
to  hold  the  candle  between  the  eye  and  the  paper  OQ 
which  they  read  j  and  their  doing  fo  is  a  direft  indi- 
cation that  they  begin  to  want  fpeftacles  t- 

Children  read  much  nearer  than  grown  perfons, 
both  becaufe  their  eyes  are  fmaller,  and  becaufe  their 
cornea  is  more  flexible.  That  elderly  perfons  fee 
better  at  a  great  diftance  than  younger  perfons  is  gene- 
rally allowed. 

It  is  a  certain  and  very  important  fatl,  that  long- 
figluednefs  aiay  be  acquired,  for  countrymen,  failors, 
and  thofe  that  are  habituated  to  look  at  remote  ob- 
jedls,  arc  generally  long-fighted,  want  fpefl-aclcs 
fooneil,  and  ufe  the  deepcft  magnifiers ;  on  the  other 
hand,  the  far  greater  part  of  the  (hortfighted  arc  to 


•  EfTayon  Vifion,  quoted  by  Pricdicy. 
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be  found  among  Itudencs,  and  chofe  who  are  con* 
verfant  with  fmall  and  near  objeftsi  every  one  becom- 
ing expert  in  that  kind  of  vifion  which  is  mod  ufeful 
to  him  in  his  particular  profeffion  and  manner  of  life. 

Mr.  Adams,  in  his  very  ufeful  effay  on  vifion,  has 
given  fome  rules  for  the  prefervation  of  the  fight> 
which,  for  the  benefit  of  the  ftudious  reader,  I  have 
thought  it  proper  to  infert. 

I  ft.  Never  fit  for  any  length  of  time  in  ablblute 
gloom,  or  expofed  to  a  blaze  of  light.  From  this 
rule  may  be  deduced  the  impropriety  of  going  haftily 
fron^  one  extreme  to  the  other,  whether  of  darknefi 
or  of  light,  a; id  it  may  be  inferred  that  a  fouthera 
afpedl  Is  improper  for  thofe  whofe  fight  is  weak  and 
tender.  2dly.  Avoid  reading  a  fmall  print,  jdly. 
Do  not  read  in  the  dufk,  nor,  if  the  eyes  arc  difordcredj 
by  candle  light.  4thly.  The  eye  Ihould  not  be  per- 
mitted to  dwell  on  glaring  obje<5ts,  more  particularly 
on  the  firft  waking  in  the  morning.  Sthly.  The  long 
fighted  Ihould  accuftom  themfclves  to  read  with  rather 
lefs  light,  and  fomewhat  nearer  to  the  eye  than  ufual^ 
while  thofe  who  are  fhort  fighted  fhpuld  ufe  themfclves 
to  read  with  the  book  as  far  off  as  pofliblc* 


^-  ■■'■\ 

5x^  ■  ■  ■  ■  "•  ',-•- ' 


i 
» 


Dd  ft 


[    404    ]>  [Book  IX. 


Chap.     XLII. 

THE  GESTATION  AND  BIRTH  OP  ANIMALS. 

ft 

.  Varieties  in  the  Produ^ion  of  Animals, ^^Proportiom  §f  MmliS  t$  Ft- 
malt's.'-'Grtraitb  of  the  Fatui*<^0*vipiuroas  Animals, '•^Ai^dt  §[ 
Exiftence  before  Birth, '^Weight  of  a  nrw  horn  Infant ^^^MiJctUd^ 
ueous  Calculations  concerning  the  Proportion  of  Births  to  that  of 
Deaths  in  Infancy t  ^c, 

WE  have  hitherto  been  occupied  in  con(i<» 
dering  the  fundions  -which  relate  to  the  exift* 
ence  and  welfare  of  animals,  let  us  now  direfb  our 
attention  to  thofe  which,  amidft  the  decay  of  indivi- 
duals, preferve  the  continuance  of  the  fpecies. 

Among  the  more  minute  and  imperfc6t  animals, 
there  are  fome  which  may  be  multiplied  from  frag- 
ments of  the  fame  fpecies,  as  the  polypus ;  others 
grow  from  the  bodies  of  their  parents,  and  are  in 
due  feafon  fet  at  liberty  to  feek  nourifhment  for  them- 
fclves ;  fome  animals,  at  a  certain  period  of  their 
exiftence,  naturally  divide  into  feveral  parts,  each  of 
which  afterwards  becomes  a  perfeft  auimaJ  of  the  fame 
race. 

As  we  afcend  in  the  fcale  of  animal  exiftence,  a 
difference  of  fex  prefents  itfelf  as  a  leading  dii^indion. 
We  find  fome  races  of  animals,  of  which  every  in- 
dividual is  pofleffed  of  both  male  and  female  organs  j 
others,  among  which  a  fingle  female  breeds  for  a 
whole  community,  and  among  which  there  are  very 
few  individuals  poflcfled  of  fexual  organs.  In  general, 
however,  about  half  the  individuals  of  a  fpecies  arc 
-^ales  and  half  females. 

It 
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Ic  is  in  fbme  meafure  foreign  to  the  objeds  of  th^ 
prefent  work  to  enter  on  thofe  theories  with  whidi  phi- 
lofbphers  have  amufed  themfelves  and  their  readers 
concerning  the  generation  of  animals.  Independent  of 
the  indelicacy  of  the  fubjed,  there  is  another  fbong  ob« 
jeftion  to  their  introduction  here  %  fince  thefe  theories 
reft  upon  no  other  foundation  than  conjedbure,  and 
{owe  fallacious,  and,  I  think,  delulive  microfcopical 
obfervations.  I  (hall,  therefore,  content  myfelf  with 
referring  the  reader  to  the  natural  hiftory  of  the  Count 
de  Buffon,  and  for  a  diredb  contradidbion  of  his  theory 
to  the  Abbe  Spalanzani«  The  former  of  thefo  philo- 
fophers  has  derived  die  principle  of  animal  exiftence 
from  the  male,  and  the  latter  from  the  fenule.  The 
generation  of  filhes  appears,  indeed,  greatly  to  &vour 
the  theory  of  Spalanzani,  for  in  that  inftancc  at  leaft, 
the  rudiments  of  the  young  animals  appear  to  be  con* 
tained  in  the  eggs  or  roe,  which  the  female  fifh  firft 
depofits ;  and  che  milt  which  is  afterwards  depofitcd 
by  the  male  appears  only  to  excite  them  into  stdtion 
and  growth.  If  we  admit  thus  much  of  his  theory, 
however,  we  muft  attend  him  a  ftep  further,  and  fup- 
pofe  that  every  female  ovum  in  the  ovarium  of  a  female 
muft  itfelf  contain  ovaria  and  ova,  and  by  extending 
the  fame  idea  we  muft  be  led  to  conclude,  that  the 
rudiments  of  all  the  animals,  which  have  exifted,  do 
«xift,  or  ever  will  exift,  were  originally  contained  in 
the  ovarium  of  the  firft  female  of  the  particular  fpecies 
to  which  they  refpeftively  belong.  This  has  been 
therefore  called  the  theory  of  involution,  and  has  been 
Aippofed  equally  applicable  to  animals  and  vegeta- 
bles. 

In  the  procefs  of  generation,  the  firft  marks  we  fee, 
after  impregnation,  of  the  future  progeny,  is  a  minute 
being  without  limb  or  feature,  connected  by  a  cord  to 
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the  internal  fur&ce  of  the  uterus,  and  furrounded  by 
very  thin  membranes.  It  leems  formed,  however,  of 
two  mafles  joined  together,  the  larger  of  which  is  the 
head  and  the  fmallcr  the  body.  As  the  foetus  advances 
in  growth  the  body  acquires  a  larger  fize  with  refpeft 
to  the  headj  fmall  protuberances  make  their  appearance 
on  the  body,  which  are  the  future  limbs,  and  the  fea- 
tures begin  to  manifefl  themfclves.  In  this  manner 
the  foetus,  gradually  acquiring  a  more  determinate 
ftrudure,  and  rrtore  evident  marks  of  the  (pccies  to 
which  it  belongs,  is  at  length  difengaged  from  the 
mother.  In  different  fpecies  there  is  great  variety  in 
the  perfcftion  of  the  animal  at  the  time  of  birth ;  the 
young  of  the  human  fpecies  is,  perhaps,  the  moft  back- 
ward of  any  in  this  refpeft  j  for  a  child,  when  jGz 
months  old,  is  not  fo  able  to  provide  for  itfelf  as  i 
horfc  or  an  afs  at  the  age  of  as  many  days. 

In  many  races  of  animals  it  Jhould  be  ob(erve4 
parciculatly  in  birds,  the  growth  of  the  foetus  takes 
phce  out  of  the  body  of  the  mother.  This  is  indeed 
tiie  cafe  with  all  animals  which  fpring  from  eggs,  and 
in  which  we  have  a  very  favourable  opportunity  of  ob- 
fcrving  the  progrefs  of  the  foetus  from  its  firft  appear- 
ance till  it  has  acOjUired  that  ftate  of  perfection  at  which 
it  is  hatched.  During  the  whole  period  of  its  growth 
ic  is  fupported  by  a  limited  quantity  of  nourifliment 
contained  within  the  egg-fhcU,  and  which  is  that  part 
of  the  egg  called  the  yolk. 

The  human  foetus  is  furrounded  with  three  mem- 
branes; the  external  of  thefe  is  vafcular,  and  is  called 
the  fpongy  chorion ;  the  middle  coat,  called  the  media 
or  true  chorion,  and  the  internal  one,  called  the  am- 
nion, arc  not  fo.  Mr.  Hunter  has  found  tlie  fpongy 
chorion  to  confift  of  two  layers ;  that  which  lines  the 
uterus  he  calls  tnembraua  caduca  or  d^$idua^  becaufe  it 
1  .is 
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is  caft  oflF  after  delivery ;  the  portion  which  covers 
the  ovum,  decidua  rejiexay  becaufe  it  is  reflefted  from 
the  uterus  upon  the  ovum.  The  membrana  decidUa 
is,  according  to  Mr.  Hunter,  perforated  with  three 
foramina,  viz.  two  fmall  foramina,  correiponding  to 
die  openings  of  the  Fallopian  tubes  at  the  fundus  uteris 
and  a  larger  one  oppofite  its  cervix.  The  decidua 
reflexa  becomes  more  thick  and  vafcular  as  it  ap« 
proaches  the  placenta,  and  conftirutes  it|»  maternal 
part. 

The  foetus  appears  floating  in  a  tranfparenr  fluid 
contained  in  the  amnion,  fufpended  by  the  umbilical 
cord,  and  the  head,  being  the  largeft  part,  and  the  in- 
fcrtion  of  the  umbilical  cord  being  at  a  confiderabk 
difl:ance  from  it,  falls  lowed;  a  circumftance  very  nc- 
ceflary  to  fafe  and  eafy  delivery.  The  foetus,  when  it 
has  nearly  obtained  its  growth,  is  curled  up  in  an  oval 
ibrm ;  its  back  is  round,  and  turned  towards  one  flde 
of  the  mother,  makirig  that  fide  more  protuberant ;  its 
chin  is  prcflTcd  againft  its  breaftj  with  its  arms  it  em- 
^aces  its  knees,  and  its  heels  are  clofe  to  its  buttocks. 
A  mod  curious  but  fomewhat  complicated  branch  of 
rfie  animal  oeconomy,  is  the  means  which  nature  em- 
ploys for  carrying  on  the  nourilhment  of  the  foetus.  I 
have  already  mentioned  the  umbilical  cord,  which  con* 
-  ne£b  the  foetus  to  the  uterus.  One  end  of  this  cord 
is  conne£led  to  the  lubftance  called  the  placenta,  and 
|he  other  enters  the  navel  of  the  foetuf.  The  placenta 
is  a  fpongy  fubftance  as  broad  as  the  crown  of  a  hat^ 
and  about  two  fingers  in  thicknefs,  and  is  commonly 
attached  to  the  upper  part  of  the  uterus.  The  outer 
furface  of  the  placenta  is  foft,  tender,  and  fpongy,  and 
commonly  bloody,  on  account  of  its  feparation  from 
the  vefTels  of  the  uterus.  Its  internal  furface,  where 
^  is  covered  by  the  membranes,  is  firm,  glofly,  and 
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beautifully  marked  with  the  ramifications  of  blood- 
veflels.  On  the  outfide  the  blood-veflels  can 
fcarcely  be  obfervcd,  as  they  are  there  very  oninutc. 
On  the  outfide  of  the  placenta  there  is  alfo  an  ap- 
pearance like  a  divifion  into  lobes.  The  umbilical 
cord  is  generally  inferted,  not  into  the  middle,  but  to- 
wards the  edge  of  riie  placenta,  which  facilitates  its 
reparation  after  delivery.  With  the  placenta,  as  has^ 
been  fugpofed,  the  arteries  of  the  uterus  have  a  com- 
munication, by  which,  in  the  firft  periods  of  geftation, 
the  fcetus  receives  a  ferous  fluid,  and  in  the  later  pe- 
riods a  large  quantity  of  blood. 

It  has  alfo  been  taken  for  granted,  that  the  arteries 
of  the  umbilical  cord  communicate  with  the  veins  of 
the  uteaiSy  and  that  thus  a  circulation  of  fluids  is 
maintained  between  the  fcetus  and  the  mother.  Mr. 
Hunter,  however,  after  numerous  experiments,  has 
adopted  a  diflferent  opinion.  By  a  variety  of  trials  by 
injeftion  he  finds,  that  fluids  thrown  into  the  veflels 
of  the  umbilical  cord  never  get  into  thofe  of  thowterus  i 
and  on  the  contrary,  thofe  thrown  into  the  vefltls  of  the 
uterus  find  no  admiflfion  into  thofe  of  the  umbilical  cord; 
he  therefore  concludes,  that  the  human  placenta,  as  well 
as  that  of  quadrupeds,  is  a  compofition  of  two  parts  inti- 
mately blended,  viz.  an  umbilical  or  infantile  portion, 
and  an  uterine  portion.  'I  he  former  by  maceration,  is 
found  to  confill  of  the  ramifications  of  the  vcflcls  of  the 
umbilical  cord,  the  other  Mr.  Hunter  confidercd  as 
an  efflortfccnce  of  the  internal  furface  of  the  uterus, 
which  forms  a  membrane,  fending  numerous  procefles 
into  rhe  fubitance  of  the  placenta  j  this  latter  is  the 
mcmbrana  decidua*  Mr.  Hunter  does  not  pretend  to 
fpecify  the  nature  of  the  union  between  thefe  two  por- 
tions of  the  placenta. 

Tbf 


Chap.  4 a.]  intbiFatus.  409 

The  veins  of  the  placentt  unite  into  a  (ing^  trunk, 
^hich,  leaving  the  placenta>  enters  the  navel  of  the 
foetus.  Two  arteries,  which  are  continued  from  the 
internal  iliac  arteries,  pafs  out  ^t  the  navel  of  the 
fcetus  and  enter  the  placenta;  and  thefc,  with  the 
vein  above  mentioned,  conftitute  the  umbilical  cord. 
By  means  of  thefc  arteries  and  veins,  a  communication 
is  maintained  between  the  foetus  and  the  placenta. 
I'he  umbilical  velTels  do  not  run  in  a  dire£b  courier 
but  both  the  arteries  and  the  vein  are  mutually  twifted 
about  each  other.  The  umbilical  cord  paHes  from 
the  fcetus  to  the  placenta,  through  the  liquor  ammu 
The  winding  courfe  of  thefe  veflfels,  and  the  clafticity 
.  of  the  fubftance  which  furrounds  them,  prote£tthem 
in  a  great  meafure  from  the  bad  efie&s  which  would 
otberwife  happen,  from  their  being  ftretched  or 
prefled,  which  might  put  a  (top  to  the  circulation. 
Befides  thefe  veffcls,  however,  there  is  another  in 
brutes,  called  the  urachus,  which  conveys  the  urine 
from  :tfle  bladder  to  a  veflel  called  the  allantoidcs. 
In  the  human  fpecies,  both  the  urachus  and  the  allan- 
toides  are  wanting. 

There  is,  indeed,  in  the  human  foetus,  fomething 
like  an  urachus,  which  goes  from  the  bladder  of  the 
foetus  to  the  navel,  between  the  umbiUcal  arteries,  but 
it  feems  to  be  of  no  ufe,  as  it  does  not  communicate 
with  the  bladder. 

The  umbilical  vein,  after  it  has  entered  the  body 
of  the  fi^tus,  divides  into  two  branches,  one  of  which 
enters  the  vena  portarum  to  be  diftributed  in  the  liver; 
the  other,  which  is  called  the  duftus  venofus,  carries 
its  contents  to  the  left  vena  cava  hepaus,  which  ter- 
minates in  the  great  vena  cava ;  and  that  part  of  the 
blood  which  paffcs  through  the  liver  alfo  arrives  at  the 
vena  cava.  From  the  vena  cava  the  blood  pafles  into  the 

anterior 
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anterior  auricle,  whence  there  is  a  pafTagc  into  the 
pofterior  auricle,  which  is  clofed  up  after  birth,  but 
^hich  now  turns  rhe"greatcr  part  of  the  blood  received 
by  the  anterior  auricle,  from  the  anterior  to  the  pofte- 
yior  cavities  of  the  heart.  A  confiderablc  quantity  of 
blood,  however,  hotwithftanding  this  paflage,  do^s 
pafs  into  the  anterior  ventricle  \  but  all  the  blood 
which  is  received  by  the  anterior  ventricle  is  not  fcnt 
to  the  lungs,  which  before  birch  are  too  much  con- 
tdenied  to  tranfmit  fo  large  a  quantity ;  part  of  it  is 
turned  afide  by  a  veflel  called  the  dudhis  arteriofus, 
which  pafles  from  the  pulmonary  artery  to  the  aorta. 
Thus,  bcfides  the  blood  which  cfcapes  pafling  through 
the  lungs  by  means  of  the  paiTage  from  the  anterior 
to  the  pofterior  auricle,  a  fecond  portion  efcapes  by 
the  veflel  which  leads  from  the  pulmonary  artery  to 
the  aorta,  fo  that  perhaps  not  more  than  a  flxth  part 
of  the  blood  which  pafles  through  the  reft  of  the  body 
paflSf s  through  the  lungs  before  birth,  whereas,  after  thcfc 
.  pafl'ages  arc  clofed,  every  drop  which  is  circulated  in 
the  body  muft  neceflarily  circulate  alfo  through  the 
lungs.  Thcfc  paflages,  v/hich  are  peculiar  to  the 
fcctus,  from  caufes  not  afcertained  clofe  up  very 
quickly  after  birth.  The  blood  is  returned  from  the 
foetus  by  the  arteriae  umbilicales  which  arc  the  in- 
ternal iliac  arteries  of  the  adult,  but  which  in  the 
fc3tus  pafs  out  at  the  navel,  and  are  continued  to  tlic 
placenta. 

The  fcetus,  which  in  the  early  periods  of  gefta- 
tion  was  almoft  all  head,  is  Hill  at  the  time  of  birth 
of  very  different  proportions  from  thofc  of  the  adult 
body ;  tiie  head  Is  remarkably  large,  and  the  lower 
extremities  remarkably  fjnall.  The  <xrcwch  of  the 
fcctus  in  the  ute'fus  is  by  no  means  uniform.  The 
weight  of  children,  when  born  at  the  full  time,  varies 

from 
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from  fomcthing  more  than  four  pounds  to  a  little 
more  than  eleven.  By  far  the  greater  number  weigh 
fronn  five  to  eight  pounds,  avoirdupois.  At  the  end 
of  the  third  month,  the  bulk  of  the  fcEtus,  with  the 
membranes  and  placenta,  is  very  inconfiderable,  as  is 
fcen  in  abortions,  which  arc  moft  frequent  at  this  pe- 
riod of  geftation.  During  the  courfc  of  the  fourth 
month  the  uterus  becomes  too  lavge  to  remain  within 
the  pelvis,  and  riling  into  the  abdomen,  gives  fome 
flight  degree  of  protuberance.  The  foetus  now  in- 
creaies  much  fafter  than  before ;  but  the  principal 
part  of  its  growth  is  performed  during  the  three  lad 
months  of  geftation,  when  the  uterus  at  length  rifcs  as 
high  as  the  ftomach,  prelTing  the  inteftines  towards 
the  backbone.  The  diftended  uterus  is  now  ftimu*- 
lated  to  conenftion,  and  the  pains  of  child-birth  are 
fucqceded  by  the  effufions  of  maternal  fbndnefs. 

It  appears  from  a  very  accurate  regiftcr,  kept  by 
Dr.  Clark,  phyfician  to  the  Lying- inn  Hofpitsd  at 
Dublin,  that  the  proportion  of  children  is  about  nine 
males  to  eight  females  ; — children  dying  under  fixteen 
days  old,  as  one  to  about  fix  and  an  half\ — children 
ftill-born,  as  on^,  to  twenty  \ — women  having  twins,,  as 
ojte  to  ftxtj  \ — women  dying  in  child-bed,  as  ane  to 
about  eigbty-Jeven. 

There  is,   however,  a  greater  mortality  of  male 

children,,  owing,  as  Dr.  Clark  fuppofes,  to  their 
greater  fize,  and  particularly  to  the  fizc  of  the  head, 
which  becomes  injured  in  parturition,  and  confequently 
afFeds  the  health ;  and  the  proportion  is  reduced  to 
quite  equal  before  the  age  of  puberty, 

If  every  mother  in  a  great  city  was  obliged  to  fuckle 
her  own  child,  the  proportion  would  be  cne  good  nude 
in  five  J  and  in  the  country,  not  me  bad  nurfe  in  ten  ♦. 

«  Clark's  Obfcrvations,  Phil.  Tr.  76. 
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Chap,     XLIII. 

THE  GROWTH  AND  DECLINE  OF  THE  BODY. 

Increa/e  of  the  Body  before  and  etfier  Birth,'^Difproporii§m  of  the  Parts 

decreqfts  tvith  Gro'wih.'-^lVbaS  Paris  firfi  ceafi  iozsureaft  in  SmJ-^ 

Toutb,^-^Masihood,^'^Firfl  Symptoms  of  Decline.'^^At   nuhai  Perkd 

W«/  ^ge  generally  com fnemces, '■^Symptoms  of  jtge,^^Cau/ej  *whf  the 

Human  Fra/Jte  canrnt  be  of  long  Duratiga, 

FROM  the  time  of  conception  till  birth,  the  growth 
of  the  body  proceeds  in  an  accelerated  or  in- 
creafing  proportion,  that  is,  the  growth  in  the  flxth 
month,  for  inftance,  is  greater  in  proportion  than  io 
the  fifth  i  from  birth  tilJ  manhood  it  is  gradually  lei 
and  lefs,  in  other  words,  the  growth  of  the  fecond  year 
is  lefs  in  proportion  dian  that  of  the  preceding,  and  fo 
of  all  the  fiicceevling  years. 

Tlie  rcairn  commonly  afligned  for  the  latter  of 
thefc  fidrs  is,  that  tiie  fibre  becoming  lefs  diftenfiblc 
from  an  incrcafe  of  folidicy  as  we  advance  in  age,  our 
growth  is  corifcquenily  lefs  rapid.  But  if  the  rapidity 
ofgrowtii  was  j)roportioned  to  the  laxity  of  fibre,  the  *• 
foetus  ought  to  increafe  moft  rapidly  immediately' after 
cona^ption,  and  more  flowly  as  its  texture  becomes 
more  firm.  I'hc  contrary  of  this,  however,  is  found 
to  be  die  fa£l,  fincc,  in  the  early  periods  of  gcftation 
the  increafe  of  the  Toctus  is  very  flow,  and  its  growth 
is  continually  accelerated  till  the  birth.  From  this 
It.uement  it  muft  be  concluded,  that  laxity  of  fibre  is 
only  one  among  other  caufes  which  favour  the  increafe 
of  the  body.  As  the  body  advances  in  growth,  its 
difprcp  vrtions  are  gradually  loft^  the  head  increales 

more 


Chap«  4J.3  Symptoifts  of  old  Age.  41  j 

more  flowly^  aiul  the  lower  extremities  with  more  ra- 
pidity. The  head  indeed  ceafes  to  grow  much  fooncr 
than  the  other  parts ;  for  thcfe,  and  partk^ularly  the 
thorax,  feem  to  gain  fize  and  ftrengch  for  fcveral 
years  after  the  head  has  arrived  at  its  utmoft  dimcn- 
lions. 

,  At  the  age  of  fifteen  or  fixteen  years,  fooner  in  fe- 
males than  in  males,  and  fooner  in  warm  countries  than 
cold,  the  figns  of  puberty  begin  to  manifeft  themfclves, 
and  Icveral  changes  now  take  place  in  the  body,  which 
it  would  be  improper  to  (late. 

When  the  body  has  attained  its  full  growth  and 
ftrength,  it  does  not  immediately  decline,  but  remains 
in  a  ftate  of  nearly  equal  vigour  till  between  forty  and 
fifty  years  of  age.  At  this  time  the  body  begins  fenfi- 
bly  to  lofe  its  agility,  and  the  approaches  towards  old 
a^»  which  had  hitherto  been  infcnfibly  going  on,  now 
begin  to  manifeft  themlelves. 

But  though  the  body  has  now  loft  confiderably  of 
iis  agility,  yet  in  perfons  of  good  conftitutions,  and  who 
have  not  been  remarkably  intemperaic,  its  ftrength  re- 
mains pretty  entire.  After  the  age  of  fifty,  however, 
the  decline  of  boJy  becomes  much  rrore  apparent ; 
there  is  no  longer  that  fpring  and  vigour  of  motion'; 
and  labour  becomes  more  irkfome  and  painful.  From 
the  age  of  fixry  to  that  of  feventy  the  health  is  fre- 
quently pretty  good,  but  the  ftrength  fails  confiderably. 
Threefcore  and  ten  years  is  the  age  of  man ;  and  though 
there  may  be  fome  remarkable  inftances  to  the  con- 
trary, yet,  in  general,  exiftence  protraded  beyond  this 
period  is  furrow  and  n^.ifery. 

In  the  whole  progrefs  of  life  the  body  is  continually 
becoming  Icfs  vafcular.  The  vivid  bloom  of  youth, 
which  is  owing  to  the  ramifications  of  minute  arteries 
in  the  (kin  of  the  chccl'::s,  fubfidcs  into  the  moderate 
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hue  of  iniddle  life,  and  this  into  the  wrinkled  and 
ihrunk  appearance  of  old  age.  Similar  changes  are 
taking  place  in  other  parts  of  the  body,  and  the  coats 
of  the  arteries  gradually  becoming  thicker  and  Ihonger 
with  refpcft  to  thofe  of  the  veins  j  thefe  latter  become 
more  diftended,  and  the  livid  hue  of  venous  plethora 
fucceeds  to  the  vivid  tint  of  the  arterious.  A  difpo- 
fition  to  folidity  invades  the  body  in  the  progrifs  of 
life,  and  that  which  in  the  child.x/as  pliant  cartilage, 
becomes  in  the  old  man  brittle  bone. 

The  quantity  of  earth  in  the  compofition  of  the  dif- 
ferent parts  of  the  body  is  continually  increafing  j  the 
mufcles  become  infenfible  to  the  ufual  ftimuli ;  the  vi- 
gour of  the  circulation  is  diminiflied;.and  in  the  few, 
the  very  few,  who  efcapc  the  numerous  pitfalls  of  dif- 
cafe  and  accident,  this  rigidity  and  infcnfibility  increaf- 
ing, neccflarily  puts  an  end  to  exiftence. 

That  modern  difcoveries,  or  the  improvement  of 
the  medical  art,  fhould  be  able  to  protradt  for  any 
confiderable  period  our  mortal  exiftence,  is  a  notion 
that  will  onlyjDe  entertained  by  thofe  who  are  ignorant 
of  the  phyfiology  of  the  animal  frame,  and  indeed  of 
every  other  branch  of  fcicncc.  It  is  the  natural  confe- 
qucnce  of  cxtcnfive  knowledge  to  abaic  our  confidence; 
while  impudence,  dogmatifm,  nnd  vain  and  vifionary 
fpecubcion,  nre  the  genuine  offspring  of  ignorance. 
Medical  il'^l!  may  indeed  be  fucceiSi'ully  applied  inoc- 
cafionally  arrefting  the  progrefs  of  thofe  difeafes,  which 
might  otherwife  prematuiely  interrupt  our  mortal  ca- 
reer i  yet  even  in  T':efe  inftances,  thofe  who  have 
ftudied  moft,  and  praftifed  moft,  will  be  the  moft  fen- 
fible  of  the  impotence  of  human  knowledge  in  this 
important  art ;  but  he  who  is  at  all  acquainted  with 
the  delicate  and  fragile  texture  of  the  human  frame 
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muft  be  abundantly  fenfible^  that  it  is  a  fabric  which 
was  not  meant  to  endure  for  ever. 

In  the  gradual  decline  of  life,  to  which  all  muft  fub- 
mit,  let  us  earneftly  embrace  that  confolation  which  re- 
ligion affords  us.  That  which  fwcetened  the  cup  of 
death  to  Socrates  is  through  life  the  cordial  of  the  chrif- 
dan;  it  b  a  confideration  that  will  moderate  proC- 
pcricy,  and  will  deprive  adverfity  of  its  moft  poignant 
(brrows ;  It  will  cheer  us  in  life,  and  at  the  hour  of  death 
it  is  the  only  circumftance  that  can  impart  a  ray  of 
comibrt  to  the  human  foul. 
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Chap.     L 

OF   THE    STUDY   OF   THE   HUMAN    MIND. 

Our  Kw^Ucige  of  Mind  limited, — Confufed  fy  Metafhyfks.'^PleM  ^ 
fhis  Inquiry  — The"  Firft  Part  re/peds  the'  InJIrumtnts  and  Modis  tf 
jf3im  of  the  Human  Mind.-^The  Second,  the  Springs  or  aSivt 
Fo*wers,^^The  Third,  the  moft  imforiaut  ^eftions  in  Morals,  tff. 

"  \/^  NOW  thyfelf,"  is  a  faying  of  great  antiquity; 

,  J^  and  an  author,  whofe  fentimcnts  arc  defcrvcdly 
converted  into  maxims,  has  aflcrted,  that  "  the  proper 
•*  ftudy  of  mankind  is  man."  It  is,  however,  acir- 
cumftance  fiifficient  to  mortify  the  pride  of  rcafon, 
that  even  on  the  fubjeft  moft  interefring.  to  us,  we  muft 
be  content  with  a  limited  portion  of  knowledge ;  wc 
muft  not  extend  our  expedtations  too  far.  Even  with 
rcfped:  to  our  own  minds,  there  are  fome  points  which 
appear  to  be  removed  beyond  the  reach  of  our  rc- 
fearches,  while  others  are,  perhaps  unnectflarily,  in- 
volved in  doubt  and  difputation.  It  is  unfortunate, 
indeed,  that  in  no  branch  of  fcience  whatever  the  ima- 
ginHCion  has  more  wantonly  fported  than  in  this  j  in  no 
fcience  have  men  appeared  fo  defirous  of  deferting  the 
only  fure  guide>  experience  ^   in  no  inftance  has  it 

been 
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been  thought  proper  to  refort  fo  little  to  proof  and 
obfervation,  or  to  attribute  fo  much  to  conje6hire  and 
theory^ 

Metaphyfical  fubtleties,  and  hypothefcs  carried  to 
ftvifionary  extreme,  have,  therefore,  greatly  contri- 
buted to  confufc  this  branch  of  knowledge  j  though 
when  extricated  from  thefe,  1  apprehend  full  as  much 
is  known  in  this  fcience  as  in  any  other,  and  perhaps 
more  than  in  mod.  On  this  account  I  (hall  carefully 
avoid  all  thofe  difputed  .points  concerning  identity  and 
diverfity,  cxiftence,  infinity,  &c.  that  have  divided  the 
learned  from  time  to  time.  I  confider  them,  in  trutt\y 
as  utterly  foreign  to  my  purpofe,  and  as  tending  to 
c(tabli(h  no  one  ufeful  principle.  It  will  be  unneceflary 
alfo  to  examine  the  origin  of  our  ideas,  or  to  enter  into 
nice  ^lifquifitions  concerning  ipace,  duradon,  &c.  &c. 
as  fuch  inquiries  are  certainly  more  curious  than  ufeful. 
I  ihall  further  avoid  all  fanciful  theories  refpcfting  the 
nature  of  our  perceptions.  Some  of  them,"  1  confcis, 
arc  plaufible,  but  I  rather  chufe  to  lay  the  ground 
work  of  my  reafoning  on  aftual  experience  j  let  thofc 
Vho  fo  incline,  extend  at  their  leil'ure  their  refearches 
further. 

That.fcheme,  which  reduces  the  moral  powers  of  man 
to  the  feweft  principles,  if  thel'e  can  be  dcmonttrated  ade- 
^  quate  to  every  effiict,  is  mofl  fatisfaftory  to  the  rational 
inquirer.  The  more  of  nature  v/e  difcover,  the  more; 
fimple  (he  appears  in  her  operadons :  it  is  unphiloib-- 
phical  unnecefTarily  to  multiply  caufes.  It  is  evident, 
for  inftance,  that  there  exifts  in  men  a  relifli  for  beauty, 
as  well  as  for  moral  excellence,  and  an  antipathy  to 
f  ice  and  deformity.  But  how  are  thefe  afFeftions  ge- 
nerated ?  It  is  an  indolent  method  of  philoibphizing  to 
ftop  at  whatever  is  not  eafily  underftood.     Final  caufes 

Ygirt  III.  £  e  and 


4i(t  Materials  of  [Book^ST. 

»nd  inherent  inftinft  have  favcd  the  labour  of  many 
a  painful  inveftigation. 

With  refpeft  to  the  aftual  cxiftcncc  of  innate  ideas 
or  principles,  the  reader  will  perceive  that  I  am  not 
anxious  to  renew  the  controverfy.     Innate  idcas»  I  be- 
lieve,  have  been  in  general  given  up  by  philoibphcn 
fince  the  time  of  Mn  Locke.     A  moral  principle  haS/ 
indeed,  been  contended  for  by  fome  writers  of  the 
higheft  reputation,  as  being  innate  m  man.     it  imy  be 
confidcred  either  as  a  flxth  fibnie,  as  fomething  infe- 
parable  from,  the  foul  or  mind  of  man,  or  as  a  general 
indinftive  refult  of  his  mental  organization.     I  ihuft 
obferve,  however,  that  the  exiftencc  of  fuch  a  principle 
has  never  yet  been  fiitisfaftorily  proved,  though  on  the 
cbntrary  it  is  not  eafy  to  difprove  it;  I  (hall,  therefore» 
as  much  as  poflible,  avoid  the  controverfy,  and  endea- 
vour, as  far  as  obfervation  enables  us>  to  account  fer 
the  operations  of  our  minds  in  the  fimpleft  and  eafieft 
manner,  and  to  have  as  little  rccourfc  as  poifGUe  to  prin- 
ciples which  are  involved  in  doubt  or  obfcurity* 

The  elementary  part  of  this  book  will  naturally  di- 
^vide  into  two  branches.  The  firft  part  will  extend  to 
the  end  of  the  eighth  chapter,  in  which  I  fhall  endea- 
vour to  explain  the  inftruments  and  the  ipodes  of  aftion 
of  the  human'mind.  Tlic  fccond  wil^^tend  from  the 
ninth  chapter  to  the  thirteenth,  in  which  the  Iprings  or 
incentives  that  produce  aftion  in  the  mind,  and  in- 
fluence its  movements,  will  be  examined. 

The  materials,  upon  which  the  human  mind  is  prin- 
cipally to  fl<5b,  are  the  traces  or  veftiges  left  by  external 
impreffions  on  the  five  fenfes.  Of  thefc  a  fimplc  effect 
on  any  one  fenfe  produces  what  is  called  zjifnple  idei^ 
the  word  idea  fignifying  an  image  or  reprefcntation  in 
the  mind  of  an  a^ion,  quality,  or  fenfatioas  thus  'xbiU 
•9^tidjwict  are  fimple  ideas. 
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Ah  idea,  cohipbUndedof  fcviral  fimpk  idcaayis  caHed 
^  complex  idea,  ks  man^  horfe,  tree;  Sec;  which  are  evi- 
dently compounds  of  a  /iifmber  of  fim{5le  ideas  gf 
figure^  tolour,  (btiditjr,  &c.  ahd  fometimes  for  dittinc* 
ttofi^  fike,  when  many  tmpiex  idtiu  are  compounded 
in  one,  dre  diiciples  6f  Mr,  Locke  call  it  a  decomplex 
ikm^  as  bomitidem 

IiA^flSons  on  the  fen(esare  often  (b  entwined  or 
wtbfSMcA  fogethefy  that  the  ide^  df  the  one  (hall  not 
be  feeoHe^d  without  that  of  the  other;  This  junc- 
.  tiofii  happens  when  two  imprefll'ons  are  made  o\i  the 
fenies  at  the  fame  time :  thus  the  whitenefs  and  round- 
nefs  of  a  globe  may  be  alfeciated ;  the  forrn  ahd  the 
ibund  of  a  mutical  inftrument ;  the  name  with  the 
diing,  fo  that  on  the  fight  of  the  thing  or  objedl  we 
liMnedbttJely  recoiled  the  name.  Ideajs  li^ny  aflbciate 
ifn&i  irtipi-effions,  if  ah  imprettion  is  made  <5ii  ahy  of 
the  fenfes,  while  an  idea  is  predominant  in  the  mind. 
Thus  the  fight  of  a  particular  place  will  often  recal 
fome  interefting  train  of  thought,  that  may  have  been 
entertdned  there.  When  I  fpeak  of  ideas  being  aflb- 
ciated,  connected,  combined,  &c.  I  would  be  under- 
ftood  of  the  fame  thing,  viz.  the  implexion  or  junction 
of  ideas  thus  explained. 

The  retention  of  ideas  in  the  mind  is  called  memory. 
The  aft  of  combining  old  ideas  into  new  ones,  inven^ 
tion,  and  frequently  imagination  or  fancy.  The  aft  of 
examining  and  comparing  ihctn  judgment.  Under  thele 
heads  I  propofe  explaining  the  primary  operation^  of 
the  mind,  and  thefe  will  conftitute  the  firft  part  of  the 
prefent  inquiry. 

The  fecond  part  of  this  book  will  confift  of  an  in- 
quiry into  the  common  fprings  of  action  in  the  mind. 

Thefe  I  Ihall  endeavour  to  prove  to  be  uldmately  the 
lenfes  Qifkafurt  zndfam*   Love  is  the  idea  of  pleafure, 
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combined  with  fbme  other  vAsz^  hatred x!t\t  idca.of  pain, 
combined  in  the  fame  manner.  Dejire  and  averfim 
arc  a^ivc  lotc  and  hatred  *.  -  '  . 

The  third  part,  which  extends  from  the  thirteenth 
chapter  to  the  conclufion  of  the  work^  will  confift  of 
the  application  of  thefe  principles  to  the  invalidation 
of  fome  curious  fubjefts,  and  to  the  theory  of  morak. 
This,  as  it  is  the  moft  extenfive  p^rt  of  the  fubjeft,  is 
neceflfarily  the  moft  imperfed,  and  the  ch:43ters  that 
cooftitute  this  part,  are  rather  exhibited  as  confirmations 
of  the  preceding  principles,  than  as  a  complete  fyftem. 

*  The  natural  appetites  of  man  arc, 

I .  The  common  call  of  murijbment  for  the  body.  2d.  The  de- 
firc  of  pfopagating  the  fpecies. 

The  natui^l  pleafures  of  man  are* 

1  {l»  The  fatisfy ing  of  thefe  appetites.  2d.  The  general  plea- 
fure  refulting  from  the  moderate  and  proper  exercife  of  theprgips 
er  faculties.  ~      , 
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fi^  S/ft/ej  the  great  Source  of  Information,'-^Diftln£iion  heticeen  Sen' 
fation  and  Perception.-^^en/es  Yorre^  each  other j^^Whetber  thefdme 
OhjeSs  produce  Jimilar  Perceptions  in  different  Mtn.'^ldcas, 

to  •  • 

THAT  the  mind  is  obliged  to  the  fcnfcs  for  the 
great  mafs  of  its  information^  is  noy  an  efta- 
bliftied  principle.  The  proofs  of.  this  doftrinc  I  fliall 
decline  entering  upon  for  realbns  already  afCgned.  I 
would  only  obferve,  Firft,  .That  I  do  not  fee  why  we 
arc  furnifhed  with  fenfcs  by  the  author  of  nature,  if  not 
f9r  this  purpofe.  Secondly,  The  fenles  feem  entirely 
adequate  to  all  the  informarion  we  are  poflcfled  of. 
Thirdly,  Perfons  wanting  any  of  the  fenfes  appear  en- 
tirely deftitute  of  the  ideas  of  that  fenfe.  A  gende- 
man,  blind  from  infancy,  afllired  me,  he  never  re- 
membered to  have  experieoced  in  a  dream  any  thing 
like  what  the  fcnfe  of  feeing  is  dcfcribed  to  be. .  Nay, 
thofe  who  have  all  the  fenfes  complete,  derive  plainly 
their  knowledge  from  the  exercifc  of  them'.  A  child 
does  not  (hrink  from  a  candle  till  it  has  felt  the  pain* 
fill  fenfaticn  of  burning,  or  is  warned. againft  it  in  terms 
c^cfjrcfling  pain,  of  which'it  forflis  a  judgment  from  pain 
already  experienced. 

A  very  proper  diftinftion  is  made  by  Dr.  Stuart, 
between  fenfation  and  perception.  Senfadon  inoplies 
*'  that  change  in  the  ftate  of  the  mind  which  is  pro- 
duced by  an  imprcflion  upon  the  organ  of  fenfe  j  of 
which  change  we  can  fuppofe  the  mind  to  be  confcious 
without  any  knowledge  of  external  objects.  Percep- 
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tion  expreflfes  that  knowledge  we  obtain^  by  means  of 
our  feiifarions  of  die  qualities  of  matter  *. 

f  Senfetions  may  )^  cqqfiipunicgted  from  without  5 
I  ft.  by  aftual  contafl:  with  the  objeft  itfclf  j  2dljr.  by 
the  intervention  of  fqnoe  medium ;  and  it  amountai 
to  the  fame,  whether  we  perceive   the  qiialities  of 
bodies  by  a  communication  with  the  bodies  thcn^ 
fclyes,  or  by  the  cfF(?fts  whicb  they  uniformly  produce 
on  fome  medium  which  communicates  with  Qor  feafo. 
Thus,  when  we  fee  a  body  white,  we  do  not  fay  that  tb« 
light  IS  perceived  by  our  fenfes,  but  the  whitencfe  of 
the  body,  or  that  property  in  the  body  which  fo  dit 
pofes  the  rays  of  light  as  to  afford  us  the  perception 
or  idea  of  white  J.     When,  therefore,  we  fpesdc  of 
fmells,  taftes,  colours,  founds,  we  mean  that  certain 
cfFefts  are  uniformly  wrought  upon  pur  (enfes  in  cer-  . 

tain 
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f  The  4iffcrcni  fenfes  by  whofq  bp^ratign  wc  difoCTA  tfcc  qqa- 
lities  of  external  objeAs,  have  been  already  ilatejj  t^  ^  five  ic^ 
number.  Touching,  tailing,  fmelling,  hearing,  and  fight.  They 
may  perhaps  all  be  refolved  into  that  of  fueling ;  yet  the  dif- 
tin^lioh  k  corre^,  as  they  are  certainly  difibrent  ih|b-aniej)ts  o£ 
feeling  or  perception.  Ji)  thofe  of  touching  aqd  tafle  a^  z&mX 
cpntadl  with  the  body,  which  is  the  objeft  of  tne  fenfe»  is  requifite. 
In  the  others  the  fenfadon  is  cftVfted  through  the  operation  of  fome 
medium.  Thus  fight  is  in  reality  the  effe^  of  the  rays  of  light 
upon  our  optic  nerve;  found  is  a  vibratioq  of  the  air,  which 
afEedb  the  organs  of  he«irin^ ;  and  fmcll  depej^ds  uppn  the  ema- 
nation of  certain  particles  from  a  body,  which  a6l  upon  the  organ 
of  fcent. 

That  fome  fenfes  arc  more  acute  in  certain  animals  than  in  others, 
is  an  obvious  fa£l.  The  power  of  fmelling  in  fome  of  the  cauiine 
fpecies  is  beyond. any  thing  that  we  are  able  to  conceive.  Ca|ji  and 
owls  have  undoubtedly,  a  power  of  feeing  with  a  much  fmaljer 
portion  of  light  than  any  human  being.  It  is  probab|e  that  in 
different  men  fome  fenfes  may  be  more  acute  than  others. 

%  There  is  undoiibtcdly  fomcthiug  in  objeds  which  excitei  ibu 
jkiions,  but  the  fcnfations  themfclvqs  cannot  exid  without  a  fubjed 

on 
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%^  ciftmmftaQCfs,  9n4  to  the  ynkApwn  tf^ulbs  wf 
Isiifign  thefe  names. 

The  idformatioa  <>f  the  fenrea  is  the  laft  irefi»y(  of 
humao  reason ;  I  mnean  th^ir  j(Hrit  infortnaaQii^  fpr  it 
appeav^  they  corred  each  other.  It  hft$  beet)  4)rct^ 
^tGd>  dB(  thsjadgroentft  we  ib.rm  of  nhateiriaE).  th>i[ig|.<ir9 
OiaMo  gM^^h  the  effi^  of" an  impreffidn  ^  atiy  fHIb  f<^j^ 
aa  of  ;t^oif  of  ieciing'  and  feeling  coniibini^\  r  Sioipll 
inapreflionf  or  per^iBpuoift  are  not  td  be!  ^^gq^c^  iiotr 
do  tbeys  from  that  agreement  >nd  dnal^dgy  which 
cxifts  between  the  fenfes  of  all  mankii^'.  re^quire 
definition. 

It  is  of  no  conftquenee  Tirheiher  tlii'ffiftfcS  dfxTifferent 
men  perceive  exaftly  alike,  though  it  is  probable  there 
is  not  much  difference  in  this  refpeft.  It  is  of  no 
conlcquence,  whether  one  man  fees  objefts  larger  than 
another,  or  whether  the  fame  compofition  affords  to 
each  precifcly  the  fame  tafle  or  fmcll.  We  commu- 
nicate our  ideas  of  fenfations  by  the  help  of  relation ; 
we  call  a  thing  fmall  when  compared  with  another  j  wc 
call  the  tafle  of  a  certain  viand  fweet,  or  a  found  grave ' 
or  deep,  and  we  have  nothing  further  to  do  to  be 
clearly  underflood,  than  to  mark  the  proportionate 
differences  and  relations. 

It  is  to  be  remarked,  that  all  objefts  that  prefent 
themfelves  to  our  fenfes  do  not  make  fuch  impreffions 
as  to  leave  ideas  behind  them.  Many  times  the  mind 
is  too  much  engaged  with  one  train  of  thoughts  to 
admit  another.      An  imprefTion  or  ftnfation  being 

on  which  toj»l^.  The  difputes  therefore  of  philoTophers,  whether 
fmells  are  in  nie  nofe  or  in  the  perfon  who  fmelli  them,  &c.  &c. 
are  merely  de  lana  caprina ;  and  there  moft  be  a  union  of  caufes  to 
produce  fuch  efFedt.  Such  difputes  may  ferve  to  exercife  the  hit« 
nun  faculties,  but  they  undoubtedly  make  no  addition  to  our 
Hock  of  real  knowledge, 
f  S^e  Book  9.  c.  37. 
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Chap.     III. 


Of    IDEAS. 


•_ 


'  Mduu  rf  ZemfmtioH  and  RefiexUm.i'-^SimpU  and  comfkx.^r'J^oiUf  a^4 

Suhjiauces^  - 

IDE  A  S  being  the  images  of  impreffions,  want 
their  force  and  vivacity,  ift^  Ideas  of  feniatio^ 
vc  the  mere  reprcfcntations  of  efFc&s  wrought  oq 
t)ie  (enfes.  2dly,  We  give  names  to  the  particular 
adions  of  our  own  minds,  as  perception^  thinking 
doubting,  reafoning,  aqd  thefe  Mr.  Locke  calls  idea^ 
of  refledtion  *.  y  * 

It  is  probable  many  of  our  firft '  ideas  are  com-i 
plex,  that  is,  the  refult  of  feyeral  fenfations  com*  % 
bined  or  united  together.  A  child  will  hardly  dif^  ■ 
tinguifli  between  the  figure  and  colour;  as  in  a  gbfs  * 
globe,  it  will  have  the  idea  of  the  globe  itfelf,  before 
it  will  diflinguifh  between  the  rouqdnefs  and  tho 
brightnefe  of  which  it  is  compounded  j  they  are  never- 
thelefs  as  diflindt  ideas  as  fweetnefs  and  hardnefs, 
which  may  exift  in  the  fame  fubftance,  and  one  of 
theip  not  be  perceived  ^  united  with  thp  pthen 
•*  Though  the  hand  feels  foftnefs  and  warmth  in  th(: 
lame  piece  of  wax,  yet  the  fimple  ideas  in  the  fame  fubjeft 
arc  as  perfeftly  diftinft  as  thofe  that  come  in  by  dif- 
tinft  fenlcs.'*  •  Simple  ideas  will  be  recollefted  in 
objefts  differing  in  every  refpcdt  but  that  one,  from 
thofe  by  which  we  originally  received  them.  Though 
a  horfe,  for  infbmce,  may  poffefs  no  obvious  quality 

♦  Locke,  B.  2.  c.  2, 
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in  common  with  a  book,  but  tliat  of  external  colour, 
as  blacknefs,  yet  that  quality  will  be  recoUefted  to  be 
the  fair.c  in  both ;  and  dius  we  learn  that  colour  b 
rot  the  neccffary  concomitant  of  figure,  by  finding  the 
fame  colour  united  widi  different  figures ;  and  in  the 
feme  manner,  probably,  we  Icam  to  *  disjoin  all  thofc 
fiaipXe  ideas  tliat  enter  by  the  fame  fenic,  as  folidity 
and  warmth,  &c.  &c  *.• 

All  'our  ideas  of  fubftances  are  complex,  and  arc 
compounded  of  tjie  various  fimplc  ideas  jointly  im- 
j>rcflcd>  when  they  prefented  themfelves  to  our  fenfes. 
Wc  define  fubftances  only  by  enumerating,  thpfe 
limplc  ideas ;  and  fuch  definitions  may  fomedmes 
produce  an  idea  tolerably  clear  of  the  fubftance,  in  the 
mtnd  of  o^  -who  never  immediately  perceived  the 
fubftance  itfelfj  provided  he  has  feparatcly  received' 
hf  hfs  fenfes  all  the  JimfJe  ideas ^  which  are  in  the 
rompofitibri  of  the  complex  one   of  the  fubftance 

defined  t* 

Words  reprefenting  complete  ideas  da  not  always 

prccifely  excite  the  fame  idea  in  different  perfons. 

Some  of  the  fimple  ideas  may  have  made  a  ftronger 

imprcfilon  on  one  man  than  another,  and  fome  nuy 

hav(!  totally  efcaped  him.     The  word  man  will,  with 

a  painter,  call  to*  mind  fcvcral  minute  circumflances 

in  the  external  appearance  i  with  an  anatomift:  the  fkc- 

kton^  ncrvesj|^*&c.  will  hardly  efcape  animadverfion i 


*  **  The:  moft  enlarged  underHunding  cannot  frame  one 
|bnpleidca ;  nor  by  any  force  dcllroy  choic  that  are  thetp." 

Locke. 

I  The  word  fubftance  generally  applied,  means  no  more  thaa 
tlw  fuppofed,  but  unknown  fupport  of  thofe  qualities,  which  are* 
capablu  of  producing  dmple  ideas  in  us.  The  ideas  of  particular 
fr.brtanccs,  are  compofeJ  from  fuch  combioations  of  fimple  ideas 
as  are  obfcrved  toexill  together,  and  fuppofod  to  flow  from  its  par- 
tfculat  internal  conllitutlon.    Locke,  IJ.  x.  c.  2S. 

vriih 


wriv  t*  ancMpbj/iqiiiH  the  imind,  or  mom  propoif 
tbc  modes  of  a6Hng,  the  powen  and  fiiculties  will  be 
recoUedcd.  In  all  complex  idcaa>  bowe^mr>  which  are 
dto  iiMncdiace  objefts  of  feafe,  and  iPvUch  are  boc  de« 
oomplox,  or  oompoibd  of  iuccafihre  hnpreffionflj  the 
1A9K  obviotis  qualtdes  wiU  (erve  to  mask  die  jdea^  and 
idtACify  it  to.  every  man;  a&  the  idea^  bmrfe^  irecy  &e^ 
can  never  be  differendy  apprehended,  li  is  othervife 
with  more  abftra£b  and  remote  terms  -,  the  word  virim^ 
may  he  very  widely  conceived  of  by  d&^erent  perfon^ 
aa  the  cpftoma  of  their  countries  the  courie  e6  durir 
fliidk$>  or  their  cum  of  diinking>  may  detecmioe}. 
hence  in  all  argumentB^l^nxit  Ihoqld  be  minute^  de« 
fined. 

All  complex  ideas  are  combinadons  of  Cmple 
fdeas  afTociated  together^  as  will  be  explained  in  the 
phapter  of  aflbciation. 

Befides  this  divifion  of  ideas  into  fimplc  and  com* 
plex>  logicians  have  adopted  others,  which  it  may 
be  of  ibme  ufe  briefly  to  explain  *.  A  principal  di- 
vifion is  into  fuftances  and  modes,  that  is,  modifica* 
tions  of  matter  or  forms  of  exiftcnce. 

Hence  follows  a  divifion  of  modes  into  ^mpk  and 
mixed  modes.  Simple  modes  of  duration^  are  whatever 
di(lin6t  ideas  we  have  of  any  parts  of  it,  as  hours,  days, 
^c.  8fc.  Simple  modes  of  colour,  arc.  white,  blue, 
&c.  &c.  Simple  modes  o(  Jpace  are  «oy  particular 
lengths  of  it,  as  an  inch,  a  foof,  &c.  Simple  modes  of 
motion^  are  Aiding,  walking,  &c.  It  wpuid  be  ufelefs 
CD  enter  into  any  more  particulars  of  this  kind»  as  thefe 
diftinftions  are  pointed  out  rather  with  a  view  to  the 
works  of  others  than  to  the  prefent  treatife.  I  would 
wiih  to  obferyci  that  the  general  terms  colour^  Jf^K 

•  See  Locke,  B,  a^ 
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fcc.  do  not  furnifh  any  diftinSt  idea V  we  can  have  no 
dear  idea>  but  of  a  particular  coIour>  &c.  as  will  te. 
explained  when  1  come  to  fpcak  of  words. 

Mixed  modes  are  defined   by  Mr.  Locke  to  be 
<*  fuch  combinations  of  (imple  ideas^/asarte  act  looked* 
lipon  to  be  the  icharaderiftical  marks  of  any  real  beings 
that  have  a  fteady  cxiftence ;  but  fcattered  and  ihde-. 
pendent  ideas,  put  together  by  the  mind,  are  thereby 
diftinguifhed  from  the  complex  ideas  of  fubllances  V 
fuch  are  hypocrijyi  drunkennefsy   &c.      The   ideas  of 
mixed  modes  are  acquired  firft  from  experience ;  as 
by  feeing  two  men  wreftle,  we 'acquire  the  idea  of 
wrejilingi     2d,  Bjr  putting  together  in  the  mind  fcvcral 
jfucceffive  aftions,  as  a  lie; 

•  Locke,  B.  z.  c.^2. 
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OF    ASSOCIATION. 

.1       ■  ....  ..... 

I 

^mbroMCtu  ' AJJociations.^-'SucceJ/i've   JJJbctafions,—A  great  Part  uf 
our  Knoni'IeJge  dependant  on  tlx  latter,' — Conuncn  ^eufeA^^rain  if 
.  Ideas."— In  ivbat  Manner  the  Train  (if  Ideas  i^  carried  oMj^^Rglet- 
iions  of  Contiguity  t  ISfc^^How  tbefe  are  formed  in  tlfe  ^Bud^^^HovM 
the  Train  of  Ideas  is  regulatedj^^Infiucnce  of  the  IJ'ilL 
.".■». 

TH  E  word  aflbciation  was,  I  believt,  firft  ulc'd 
in  this  fenfc  by  Mr.  Locke ;  the  doftrine  i$  ndt- 
"  withftanding  very  ancient,  Plato  and  Ariftotle  in 
many  of  their  writings,  evidently  allude  to  this  con- 
nexion of  ideas.  Sonne  of  the  Stoics  remark  its 
effedlsin  (peaking  of  cuftom,  opinion,  &c.  and  Anto- 
ninus is  very  clear  upon  the  topic  *.  Hobbes  has  a 
whok  chapter  upon  the  train  of  ideas  f ,  and  makes 
confiderable  ufe  of  the  doftrine  through  the  whole  bf 
his  work. 

70^  x/iro1a;jr  ^MflaaiA/ir  9}  >^i;;^i].— Anton.  I.  5.  C.  1.6.  ; 

f  "  In  a-  4iA:ourre  on  our  prefent  civil  war  (fays  iie)  what 
could  ieem  more  impertinent  than  to  aik>  as-  ofie  did«  wliat  was  tkc 
value  of  a  Roman  penny  ?  Yet  to  me  tbc-  coherence  was  manif^ft 
.  enough.  For  the  thought  of  the  war  introduced  the  thought  of 
the  delivering  up  the  King  to  his  enemies ;  the  thought  of  .that^ 
brought  the  thought  of  the  delivering  upof  Chrift;  and  thatagajn 
the  thought  of  the  thirty  pence,  which  was  the  price  of  that  tint* 
ion :  and  thence  eafily  followed  that  malicious  queftion ;  and  all 
this  in  a  moment  of  time ;  for  thought  is  quick*"— LeviathaiH 

pt.  I.e.  3- 

I  do  not  in  fad  find  that  any  one  difcovery  has  been.  iBa4c  iii  the 

fiiencc  of  mia^fince  the  tine  of  Hobbes. 

Tw9 
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Two  fenfadons  happening  at  the  fame  time  will  be* 
come  united^  and  the  ideas  will  be  united  of  courfe  \ 
thus  the  ideas  of  the  figure  and  colour  of  bodies,  ad- 
mitted by  the  eye,  are  united,  and  thefe  may  be  united 
with  another  idea  admitted  by  the  touch.  As  the  ideas 
of  roundnefs  and  whitenefs  by  the  former,  and  folidity 
by  the  latter^  are  aflbciated  together  in  the  complet 
idea  of  a  ftone.  If  mufic  is  heard,  while  we  behold 
the  inftrumenti  the  (bund  will  be  aflbtiat^  widi  the 
▼ifiUe  appcfaramce,  tod  the  former  will  at  any  time 
recal  the  idcJi  of  the  latter.  When  we  do  not  fee  the  in- 
ftrument*.  Names  become  afibciated  with  things, 
and  things  with  anions  f .  Aiibciarions  formed  (iom 
imprefiions  made  at  the  fame  time,  are  called  fyncbro* 

•  **  "f  he  names,  fmells,  taftes,  and  tangible  qualities  of  na- 
turld  bddi^y  Aiggeil  their  vifible  a{^t)6aran<fes  to  xhtfimij,  isH 
Ttervetf«."*-Hartleyon  Mai4,  c.  i.  f.  i.  ^r^,  5; 

f  «<  It  is  milarkabll-,  Yi&k€yrtr,  as  btirig  agjre^dble  t6  the  fll}ft- 
ri6r  vividfiers  6f  vi Able  and  audible  ideas,  that  the  filggal^ri  •£ 
the  viiiblc  appearance  from  the  name,  is  the  moil  ready  of 
any,"— Ibid. 

*  The  tranGtion  from  the   words  to  the  ideas,  is  generally 
much  eafier  than  from  the  ideas  to  the  words.     A  pcrfon  who  is 
learning  a  ilrange  language,  will  be  dHe  to  tniderftand  a  bo^  in 
that  language  long  before  he  can  MTrite  or  fp^wk  It:     Ev'eJ^  in 
dt>e'sifative  tongne,  oire  cafl  readily  tfndeH(in>d  what  is  wTitt<>n  or 
({>eiceit  inthelied  and  prep^feft  terirts^  thcW^h  He  e6uM  licM  fea^e 
iifed  thefe  terms  for-  expreflirtg  the  imtie  i^as.     Thh  pi^Meds 
ftbm  the  infiueftee  of  oi^tm,  $cz,     TH^'idc^i  are  tikne-  fianiUnr 
fa  OS  than  the'-w^di'ds:  they  afc  often  raife^l^y  thtfirprdJJdrdbjcSs, 
ffti^%t^t^  by  other  words:  and  their /iwrrZ/rfr/VymaliCTtkilBi  be 
^■gg^cd  readify.     That  this  is  the  true  caiife,  t§^  coflfirn^  by 
6bf(Wvin^  that  wherer  it  does  not  take  phrdf^  ideas  are^sot  fug- 
gtffttd  nrefre  readily  than  words  areinr  di'dtnary  cafes.     Whrtrthc 
ideas  exprefTed  are  fuch  as  we  have  been  little  accuft^nrrtd  te^Sit- 
teltdte>  afdtfeeurfe  or  compeifitiotfirandef(h]lod  by  uswtth  diffi- 
culty, as  well  as  when  ideas  are  exprclw*  b^*  wfctfbahwoi^s,'-- 
Gerard  on  Gen,  pu  2.  f.  a.  note, 

nous 


dtiuft.  But  k  iis  cvktenc  that  itnpreffions  remain  fiHmr 
riiomcnts  «n  our  fenfe^i  and  die  graduaSf  ^awffy  f  1  if 
another  tmprefllbn  thereferc  is  made  whife  the  ferm^ 
remains,  they  ^ill  be  atfociated,  and  the  ocie  ftaH  -recal 
^e  other  to  remembrance;  the  aflcciation  beii% 
weaker  or  ftronger  in  proponion  to  the  ftate  of  riae 
idea  or  impreffion  with  refpeft  to  its  vividnefs.  An 
idea  may  in  the  fame  manner  be  aflbciatcd  with  an  im- 
preflliOn  or  fenfation,  or  two  ideas  may  be  aflbcuRtd 
together,  and  this  kind  of  aflbciation  from  eotitiguity 
of  time  may  be  termed  fucceflive.  Thcrfc  cotn- 
plcx  ideas  which  are  formed  from  fynchronous  impref^ 
fions,  are  more  vivid  and  diftinft  than  tbofe  ibnned 
from  fucccffive  ones. 

PiX)pofitions  founded  upon  fynchronous  imprelSoAtt 
are  little  elfe  than  complex  ideas  of  feafacfon ;  as  im 
die  propofition  "  the  dog  barks,"  the  idea  of  the 
thing  is  as  much  afTociated  with  the  aftion  as  with  anjr 
of  its  qualities :  and  here  is  no  room  for  diflenr,  unlc& 
-we  could  find  that  our  fenfes  had  deceived  us. 

Propofitions  founded  on  fucceflive  impref&ons,  ttt 
much  more  liable  to  error ;  yet  of  thefe  confiflsbf 
far  the  more  valuable  portion  of  our  knowledge.  It 
is  remarkable^  how  in  forming  ehefe  propofiuon^  fie*  . 
qtient  experience  leads  us  to  drop  the  intermediate 
ideas,  and  conne6t  the  two  extremes  of  the  propofitict^ 
calling  it  felf-evident,  as  if  it  was  really  the  efi^  of 
^nduonous  impreffions.  <'  We  m^f  obfetvc  (&fi 
IMn  Locke 'f.)  that  the  ideas  we  receive  from  ienfi- 
tion,  areoften  in  grown  people  altered  by  thejudgmete 
without  our  taking  notice  of  it.  Thus  a  globe  of  any 
uniform  colour,  as  of  gold  or  jet,  being  fot  before  our 
eyes,  the  klea  thereby  imprinted,  is  of  a  flat  drdevi- 

•  See  Sir  I&ac  Ncwtflft'j  Optictt  aodb,  ix.  €•  4if 
t  S.  2.  c.  9* 

lioull^ 
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noufly  ihadowed.  But  being  accuftomied  to  perceive 
what  kind  of  appearances  convex  bodies  are  wont  to 
make  in  us  \  .die  judgment  alters  the  appearances  into 
their  caufes ;  and  from  that  variety  of  fliadow  or  colour^ 
frames  to  icfelf  the  perception  of  a  convex  figure  of  one 
uniform  colour."  A  man  who  reads  or  hears  with 
attention,  takes  little  notice  ofthe  characters  or  fbund^i 
but  of  the  ideas  that  are  excited  in  him  by  them* 
Thus  we  find  the  intermediate,  afibciating  ide^  arc 
dropped,  and  the  more  remote  caufes  immediately  con- 
nected with  the  efitfts.  In  the  inftance  of  the  globe, 
the  ftrft  complex  idea  prefented, .  is  that  of  a  circle 
afibciated  with  certain  (hades  of  colours  on  appioach- 
ing  and  exan.ining  it  by  the  touch,  we  find  that  thb 
is  really  a  convex  figure  and  of  a  felf-colour,  we  there- 
fore afibciate  the  ideas  of  the  convexity  and  colour  with 
the  former  idea  of  the  circle  fo  fhadowed,  and  the  one 
occurs  not  alone,  but  always  accompanied  with  the 
other,  arid  fo  immediately,  that  we  feel  it  as  if  it 
had  been  from  I'ynchronous  impreflions.  The  aflb- 
ciatloii  foon  becomes  fo  ftrong  that  we  are  liable 
to  be  deceivecj  by  it,  for  when  we  fee  objeCVs  well 
painted  on  canvas  we  can  fcarceiy  conceive  tliat  they 
are  reprcfented  by  different  (hades  on  a  flat  furface,  and 
a  child  very  naturally  employs  his  feeling  in  order  to 
fatisfy  himfelf.  It  is  unneccflary  to  multiply  inllances  j 
it  is  obvious  that  the  fight  of  blood  never  fails  to  alarm 
the  mind  inftantaneoufly,  though  no  more  j-iroduClive 
of  fear  or  horror  from  its  natural  properties  tlian  any 
other  fluid.  *'  Painters,  flatuarics,  anatomifts,  archi- 
tcfts,  fee  at  once  what  is  intended  by  a  draught,  pic- 
ture, &c  *."  Something  like  this  occurs  in  moral 
piopofitions,  as,  '^  intemperance  is  produftive  of  ill 

*  Hartley  on  Man>  prop.  23. 
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health/'  Here  it  is  plain  that  common  experience  fb 
irequentljr  unites  the  confequencc  to  the  caufe,  that 
omitting  all  the  intermediate  fleps  neceflary  to  form 
the  condufion,  the  mind  is  farisiicd  with  the  al!crtion> 
and  calls  it  fclf-evidcnt.  This  is  what  fome  authors 
(if  I  am  not  miftakcn)  mean  by  common /enfs ;  and  in- 
deed thefc  condufions  are  fo  generally  fright,  that  al- 
though it  may  be  for  the  intercfts  of  virtue,  occafionally 
to  examine  them  by  the  principles  of  rcafoning,  men 
in  nwft  cafes  have  very  little  occafion  for  any  other 
appeal  than  to  their  common  feelings,  to  determine  on 
thcjufticeor  injuftice  of  particular  aftions;  ideas  of 
juftice  being  founded  in  the  truth  of  things,  and  fo  con- 
firmed by  experience,  that  the  conclufions  are  as  ready 
at  hand,  and  almoft  as  clear  as  that  <^  the  fun  (hines;'* 
**  what  is,  is  i'*  or  any  other  of  thofe  maxims  that  arc 
really  fclf-evidcnt. 

On  this  principle  of  aflbciation  depends  the  heceffary 
fucc^flion  of  ideas  in  a  train,  of  which  any  one  may 
iatisfy  himfelf  by  attending  to  the  operations  of  his 
own  mind«  Ideas  are  introduced  by  an  agreement  in 
fome  of  the  parts  of  which  complex  ideas  arc  compofcd* 
£hakefpear,  defcribing  a  merchant's  fears,  fays; 

<<  My  wind,  cooling  my  brodi, 
**  Wonid  blow  me  to  an  ague,  when  I  thotigkt 
*[  What  harm  a  wind  too  grrat  might  do  at  Tea. 
"  I  ihould  not  fee  the  Tandy  hoor-glafs  run, 
"  Bat  I  ihoold  think  ^  (hallows  and  of  flats ; 
''  And  fee  my  wealthy  Arg^fie  docked  in  fand. 

"  Shoiild  1  ^  to  chorch» 
''  And  fee  the  holy  edifice  of  ftone* 
^  And  not  bethink  nie  ftrait  of  dangerous  rocks  *  V* 

It  IS  remarked,  tliat  the  train  of  ideas  almo$  always 
depends  upon  the  relations  of  contiguity  in  time  or 

*  Merchantof  Venice^  fc.  u 

Vol.  III.  F  f  place, 
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place,  caufc  and  effeft,  refemblancc  or  contrariety  5  all 
of  which  it  is  obvious,  depend  on  the  principles  of 
aflbciaclon  already  explained.  It  hais  been  fbHy  proved^ 
that  ideas  are  affociated  by  contiguity  of  time  5  the 
former  impreflioh  rennaining  vivid  fortic  moments 
after  it  was  firft  made,  and  the  other  during  that  tinic 
occurring,  they  become  united.  That  afibciatioa 
which  arifcs  from  unity  of  place  is  no  other  than  rccol- 
leflion,  the  place  making  a  part  of  the  complex  idea 
of  any  aftion.  Caufe  and  efFeiSb  are  aflbciated  by  con- 
tiguity of  time ;  for,  as  Mr.  Locke  obfervcs,  "  we  get 
thefe  ideas  from  our  obfervation  of  the  viciflittrde  of 
things,  while  we  perceive  fome  qualities  or  Tubftanccs 
begin  to  exift,  and  that  they  receive  their  exilHence 
froni  the  due  application  and  operation  of  other 
beings  *."  The  relation  of  refemblance  is  no  other 
than  recolle<^ion  of  that  particular  idea,  in  which  die 
objeft  prefent,  and  the  objcft  remembered,  agree. 
When  two  ideas  are  formed,  agreeing  in  any  quality  or 
qualities,  they  are  faid  to  be  related;  and*the  degrees 
of  relation  are  as  they  agree  in  fewer  or  more  qualiries. 
Refemblancc  in  one  fimple  and  very  common  quality, 
as  black,  round,  &c.  will  fcldom  recal  an  idea,  unlcfs 
very  recently  or  very  (Irongly  imprinted,  the  mind  be- 
ing confufed  with  the  multitude  of  objefts  poffclTuig 
that  quality. 

The  afTociation  of  ideas  with  their  contraries  feems 
toarife,  ift,  When  the  idea  fo  remembered  is  only 
a  negative  idt^a,  and  derives  its  exiftence  from  its  po- 
fitive;  thus  cold  is  the  want  or  decreafe  of  heat; 
ficknefs  is  the  want  of  health ;  poverty  of  riches  ;  &c. 
2d,  When  the  ideas  are  connefted  in  point  of  time*, 

•  Loche,  B.  ii.  c.  26. 

f  "  Eye-witnefics  generally  relate  in  the  order  of  time,  withoat 
any  exprels  dcfign  of  doing  (0."— Hartley  on  Man, 

as 
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as  muft  be  the  cafe  in  a  change  from  one  ftate  to  ano- 
ther, fuch  are  the  ideas  danger  znd/afety.  3d,  Per- 
haps two  things,  which  are  oppofite,  being  perceived 
at  once,  the  mind  is  more  forcibly  ftruck  by  each  of 
them,  the  ideas  are  confequcntly  more  vivid,  and  more 
liable  to  be  recoUefted. 

The  train  of  ideas  is  often  regulated  by  fome  end 
propofed  to  ourfclves  ;  for  where  we  have  an  objeft  irt^ 
view,  fuch  ideas  as  are  connected  with  it  will  of  courfc 
be  fuggefted.  By  thefe  means  we  ftre  frequently  im- 
poied  on ;  a  pafllon  or  an  incereft  will  lead  on  a  train 
of  arguments  favourable  to  them,  while  we  imagine 
we  are  a£ting  wkh  the  utmoft  impartiality  *. 

*  The  indireft  influence  of  the  will/  fays  Dr.  Stuart^ 
*  over  the  train  of  our  thoughts,  is  very  extend ve.  It 
V  exerted  ehiefly  in  two  ways: — ill,  By  an  effort  df 
attention  we  can  check  the  fpontaneous  courfe  of  our 
.  ideas>  and  give  efficacy  to  thoie  afTociating  princi- 
"  pies  which  prevail  in  a  fludious  and  coUedled  mind$ 
ad.  By  practice  we  can  ftrengthen  a  particular  aflbci^ 
adag  principle  to  ib  great  a  degree,  is  to  acquire  a 
commaod  over  a  particular  clafs  of  our  ideas.' 

*  ^  Should  any  one  be  furprifed  at  this  difpoficion  in  oar  nature 
to  aflbciate  any  ideas  together  for  the  future,  whfch  once  prcfented 
themfeives  joinrly,  coniidenng  what  great  evils,  and  how  much 
corruption  of  afiedions  is  owing  to  it*  it  may  help  to  account  for 
this  part  of  our  conflitation»  to  confider,  '<  that  all  our  language* 
and  much  of  our  memory,  depends  upon  it  i"  fo  that,  were  there 
no  fuch  aiTociations  made,  we  mail  lofe  the  ufe  of  words,  and  a 
^cat  part  of  our  power  of  recalling  paft  events,  befide  many  other 
^pk^tjAt  powers  and  arts  which  depend  upon  them/' 

Hufcbiii/om  fir  tbt  Pajponsy  C  i.  p.  II* 
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MEMORY*. 


Ideai  of  Mim^ry^'^Diftinffnflitd  frwm  Idiot  •/ Imailnrnkitm^^^Juii^ 
nuntcouciming  Diftaweiof  FaBsj^^MtmmyinjHmg  mnd  MPtr* 
/ons.^^'RicolUdion,'^CertaiHtj* 

IT  appears,  that  ideas  of  memory  are  diftin- 
guilhed  from  ideas  of  imagination ;  ift»  By  beiog 
more  vivid ;  2dty,  By  the  aflbciated  ideas  of  dmc, 
place,  and  other  circumftances  that  accompany  them. 

As  idc^as,  by  being  often  repeated,  become  i^ort 
vivid,  it  is  a  common  remark,  that  perlbns  indGocd 
to  habits  of  fallhood,  by  often  repeating  the  (ame  ftoqr, 
are  themfe^ves  at  laft  impofed  on  by  the  vivacity  of  the 
idea,  fo  as  io  miftake  it  for  an  idea  of  memory.  Mad** 
men  are  altnoft  always  deceived  in  this  way.  Io 
dreams,  the  vividncfs  of  the  new  fcene,  and  no  aflb- 
ciated ideas  appearing  by  which  to  mark  thofe  ideas 
derived  from  memory,  caufc  us  to  miftake  them  for  a 
fcries  of  real  imprcfTions. 

It  fcems  probable,  that  we  judge  of  the  diftance  of 
fa«5ls  recorded  by  the  memory,  ift.  From  the  idea 
growing  fainter,  yet  retaining  the  principal  aflbciated 
circumftances ;  !2dly,  From  enumerating  ideas  of  fafts, 
which  we  know,  by  the  order  of  ideas,  to  have  fucccf- 
fivcly  happened  fince  that  point  of  time  in  which  the 
idea  firft  occurred.  *  The  death  of  a  friend,  or  any 
interefting  event,  often  related,  appears  to  have  hap- 

•  '  Memory  is  that  faculty  by  which  traces  of  fenfadons  and 
ideas  recur,  or  arc  recalled,  in  the  fame  order  and  proportion,  ac- 
curately or  nearly,  as  ihey  were  once  aftually  prefeoted.'— //ar//r; 
tn  Man,  Intntiuc* 

pened 
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pencd  but  yefterday,  as  we  term  it»  on  account  of  the 
vivklaefs  of  the  idea  correfponding  to  the.  nature  of  a 
recent  event  *.  Miftakes  are  here  prevented  in  per- 
fons,  who  retain  their  fenfcs,  by  the  fccond  means  of 
judging,  viz.  by  enumerating  fads  that  have  fince  oc- 
curred>  &c. 

Memory  b  weak  in  children;  ift»  Probably,  be- 
caufe  the  organs  are  flaccid  and  weak ;  2dly,  For  want 
of  a  number  of  ideas,  which  experience  fiirnifhes,  and 
which  afterwards  ftrengthen  the  powers  of  aflbciation. 
Mcoiory  is  flow  and  defeftive  in  oki  perfons;  ift,  Be« 
'  caufe,  probably,  a  rigidity  of  fibre  may  render  the  or- 
gans *of  thought  lefsa^Hvcf  2dly,  Becaufe  the  paffions 
are  weakert  there  is  in  reality  lefs  life,  of  courfe  a  flug- 
l^fhnefs  of  mind  will  generally  accompany  that  ftate. 
Intipreffions  are  eafily  made  on  the  fenfes  of  children^ 
but  do  not  remain.  On  the  contrary,  it  is  difficult  to 
make  fuch  imprelfions  on  older  perfons  as  to  produce 
ideas,  but  when  made  they  are  lafting.  Hence  the  ne- 
ceflity  of  inuring  the  mind  to  aftion  and  Itudy  thtough 
every  ftage  of  Ufe,  (iich  perfoHs  frequendy  retaining 
their  mental  agility  and  powers  longer  than  others. 

Ideas  are  more  eafily  rccollefted,  ift.  By  being  vi- 
vidly and  diftindUy  impreffed  -,  2dly,  By  being  ftrongly 
aflbciated.  Thefe  two  caufes  will  generally  concur, 
for  the  more  vivid  an  imprcffion  is,  the  longer  it  re- 
mains on  the  fenfe,  and  of  courfe  the  more  ideas  it  v^  ill 
be  aflbciated  with.  A  fentiment  when  quoted  h^om  a 
book  or  a  poem  by  another  author,  as  appoficc  to  his 
fubjeft,  often  makes  a  more  diftinft  and  vivi  i  imjref- 
fion  than  in  the  original  writer.  The  imprtflion  is 
more  vivid,  becaufe  we  are  apt  to  fancy  that  feme  pe- 
culiar excellence  induced  another  authtir  to  quote  it ; 
it  is  more  vivid  too,  becaufe  it  is  more  diftind ;  it  is 

*  Hartley  on  Mtn»  prop.  42. 
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better  remembered^  both  for  this  real<»3  and  becaufe 
(like  all  diftind  ideas)  it  becomes  afioGiaced  with  time, 
place,  and  other  circumftancesj  as  well  as  with  the  ideas 
of  him  who  quotas  it  *. 

.  The  following  are  the  modes  of  memory  pointed 
out  by  Mr.  Locke,  which  may  be  of  fome  ufe  as  de- 
finitions. ^  When  an  idea  recurs  without  the  prefencc 
of  the  ot^edt,  it  is  called  remembranee  i  when  fought 
after  by  the  mind,  and  brought  again  in  view,  it  is  re- 
coUeSiion ;  when  held  there  long  under  attentive  confi-  * 
deration,  it  is  contemplation ;  when  ideas  float  in  the 
mind,  without  regard  or  reflexion,  it  is  called  te^ 
verie  -,  when  the  ideas  are  taken  notice  oG  and,  as  it 
were,  regiftered  in  the  memory,  it  is  attention ;  when  the 
miad  fixes  its  view  on  any  one  idea,  and  confidets  it 
on  all  fides,  ftudy  f/ 

That  ideas  are  commonly  recollected  in  a  train  his 
been  already  noticed.  It  has,  indeed,  been  difpuced, 
whether  we  have  any  further  power  in  recoUedtian, 
than,  I  ft.  Exciting  a  certain  degree  of  adlivity  in  the 
mind,  and  awakening  it  to  the  different  aflbciations  | ; 

•  *  Wc  rci^.embcr  that  bcft,  wlilch  we  underlland  mod  pcrfc£lly. 
Whar  wc  undcrftand,  ftrikes  us  with  its  whole  force :  of  what  we 
uniernand  imperft£tly,  it  is  0'»ly  the  part  uriderA.ood  that  makss 
any  im;>relIion  on  us ;  of  tiie  reft  wc  have  no  perception ;  even  thai 
part  makes  but  a  faint  impieflion.  It  would  acquire  additional 
force  from  us  connexion  with  the  other  parts,  if  the  whole  were 
underf^tooj.' — Csr,  on  Gen.  part  ii.  f.  9. 

•f  Lock^,  B.  ii.  c.  19. 

X  *  The  mention  of  a  perfon  often  makes  us  recollctfl,  that  there 
is  fome  purpofe  for  which  we  want  to  ice  him ;  but  fometim&i, 
when  we  cani.ot  call  to  mind  what  it  particularly  is,  the  fight  of 
that  [e.fon  brings  it  quickly  into  our  thoughts.  In  confequence 
of  tiie  lupcrTor  force  of  f-:^nfations,  which  enables  them  to  fugged 
conceptions  by  means  of  much  weaker  relations  than  ideas  caD, 
it  oitcn  happens,  that  anobjecl  occurring  to  the  (enfcs  gives  a  very 
quick  and  lecmirgly  unaccountable  turn  to  the  courfe  of  the 
thoughts.'*— OVrr^r J  en  Gen,  part  ii.  (.  y 

and, 
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woAy  adly.  When  two  trains  of  ideas  occur,  dire^Uog 
the  attention,  to  one  in  preference  to  t;be  other.  The 
pixler  Qf  time,  place,  &c.  have  great  influence  in  re* 
cpllc<5Viqn. 

In  recplle&ing  a  company,  we  are  obliged  to  hav^ 
refpcd  to  the  order  of  place,  to  tlic  courfc  of  conver- 
iation,  or  fome  other  of  the  ccfopmon  relations.  Re- 
colledion  jn  order  of  ume  happens  from  fome  part  of 
two  ideas  becoming  enungWd  with  each  other,  as  the 
Blind,  when  waking,  is  ieldom  without  ibpie  idea,  lb 
no  one  is  perfedly  gone  before  the  introduction  of  ano- 
ther. Recollection  from  place  happens  by  the  tranfi- 
tion  which  the  mind  makes  from  the  firft  idea  to  the 
place,  and  from  the  place  to  the  fecond  idea ;  it  is 
the  fame  in  recolleftion  from  refemblance.  Recol- 
leClion  froin  caufe  and  efFeft  is  the  fame  as  recoUedion 
in  order  pf  time  $  only  it  is  to  be  remarked,  that  wc 
look  upon  every  thing  as  being  both  a  caufe  and  tfk6t 
of  fonie  other  thing,  though  of  what,  or  in  what  man- 
ner, we  may  be  ignorant ;  and  this  is  the  refult  of  ex« 
perience. 

An  idea  frequently  recollcfted  becomes  aflbciate d 
with  a  number  of  other  ideas  in  the  different  repetitions 
of  it  I  it  will  therefore  be  more  predominant,  and  mere 
apt  to  be  recalled  on  future  occafions ;  and  this  con- 
ftitutes  the  power  of  habit  over  our  turn  of  thinking, 
which  may  be  acquired  from  reading  frequently  the 
fame  book,  or  convcriing  much  with  the  fame  perlbn. 

Piftinft  memory  thus  depending  cm  affociation,  the 
fimple  ideas  are  often  found  to  remain,  while  the  cir« 
cumftances  firfl  conne6led  with  them  are  utterly  loft. 
Thefe  the  mind  forming  into  new  combinations,  wc 
call  invention. 

•  As  piemory  is  fo  much  dependant  on  aflbciation,  it 
is  evident,  that  what  influences  the  latter  will  have 

F  f  4  much 
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much  e(Fe£b  in  determining  the  peculiar  excellence  of 
any  man's  memoiy.  Some  are  found  to  have  a  me* 
mory  adapted  to  the  remembrance  of  hiftbncal  feds, 
feme  to  poetry,  &c.  Ideas  formerly  received  arc  fo 
many  hooks  (if  I  may  be  allowed  the  expreffion)  that 
faften  oh  thofc  ideas  which  afllmilate  with  them. 

The  diftinftncls,  Hvelincft,  and  corincfted  circum- 
ftances  of  ideas,  leave  almoft  ho  room  for  mifliakes  in 
judgment,  as  far  as  depends  on  the  memory.  Ideas  of 
memory,  by  frequent  repetition,  may  be  remikd 
equally  perfeft  and  vivid  as  when  firft  imprinted;  it 
follows,  therefore,  that  when,  from  the  clearnefs  and  vi- 
vidnefs  of  the  ideas,  we  feel  that  they  have  remained 
unconfufed  in  the  mind,  our  reafoning,  as  faras>el|>cfts 
them,  will  fall  nothing  (hort  of  abfolute  certainty. '  *'* 
'  How  far  the  memory  is  dependant  on  the  corporeal 
organs,  has  been  often  difputed.  Some  finking  in- 
ftaiices,  to  prove  a  very  clofe  depehdance,  have  been 
furnifhed  by  different  authors.  An  Italian  poet  is  re- 
lated to  have  fallen  dangeroufly  ill,  and  when  he  reco- 
vered, to  have  forgotten  the  very  letters  of  the  alphabet. 
Pliny  {peaks  of  a  perfoh,  who,  by  a  dangerous  fall, 
forgot  his  mother  and  friends.  Meffala  Corvinus,  by 
7^  difeafe,  forgot  his  own  hamcf. '  Valerius  Maximus 
relates,  that  a  citizen  of  Athens,  by  a  bldw  of  a  ftone 
on  the  head,  forgot  all  he  knew  of  polite  literature, 
though  in  other  refpefts  he  retained  his  memory  *•  In 
the  Memoirs  of  the  Royal  Academy,  171 1,  there  is 
an  account  of  a  young  man,  who,  in  a  fever,  forgot 
every  thing  he  knew;  but  afterwards  learned  very 
quickly  j  fO|  retaining  his  faculties,  he  loft  his  former 
ideas  f. 

•  Plin.  Nat.  Hift.l.  vii.  c.  24/ 

f  See  inflaAces  of  extraordinary  memory,  Plin.  Nat.  Hid.  l.vi^ 
C.24, 

We 
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Wc  muft^  however,  be  cautious  of  giving  too  im- 
plicit credit  to  theib  relations.  Authors,  as  well  as  all 
other  men,  are  toe  /pnd  of  the  marvellous.  It  is  cer- 
tab,  that  the  foul  or  mind  of  man  cannot  aft,  unle& 
the  inftruments  with  which  it  is  to  aft  are  in  a  proper 
Ijtate.  The  mind  is,  therefore,  affefted  by  the  infir- 
mides  of  the  bodily  frame ;  yet,  in  lunacy,  aqd  other 
mental  complaints,  medicine  is  founds  to  have  but  a 
'feeble  efieft.  That  a  peHbn,  from  a  mere  corporeal 
injury,  can  have  any  me  (libjeft  eradicated  from  his 
memory,  while  he  retains  others,  is  not  to  be  believed. 

Extraordinary  and  minute  powers  of  memory  are  ^ 
ieldom  confident  with  imagination.  The  mind,  in  that 
cafe,  feems  to  be  too  much  occupied  with  old  ideas  to 
be  difpofed  to  form  new  ones.  1  have  heard  a  gentle- 
inan,  of  a  remarkably  ftrong  memory,  complain,  that 
When  he  (at  down  to  compofe,  he  experienced  great  dif- 
licUtty,  from  being  incumbered  with  the  thoughts, 
fentim'ents,  and  language  of  other  author^i. 
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CmAP.     VI. 

OFINVBNTION. 

JmveMtsGM;   vfhal.^^Idnu  of  Mtwnry  and  ImugingtiQn^^^InvtBim 

oMdJudgmentm 

TH  E  nund  may  be  cquaHy  eoiployed  in  makii^ 
true  as  ialie  combinations  of  ideas ;  in  forming 
a  fyftcm,  and  conncdling  ideas  by  their  n^urai  reUtiQn$> 
as  in  depidling  Centaurs,  and  making  witty  aUufions  \ 
in  either  of  which  cafes  it  is  iaid  to  nrvait.  In  the 
former  there  feems  to  be  a  greater  mixture  of  judgment» 
and  this  kind  of  invention  is  fublervient  to  real  fcience. 
On  the  contrary,  when  the  invention  confifts  in  draw- 
ing (trong  and  lively  pictures  or  reprefentations,  either 
falfe  in  themfelves>  or  heightening  by  rhetoric  re^i  fiiAs, 
it  is  called  imaghuUicn  s  when  it  conOfts  in  wild  ao() 
uncxpeftcd  combinations,  it  is  called /iwry*. 

From  the  two  laft  chapters  it  appears,  that  invention 
is  altogether  dependant  on  the  principle  of  aflbciation. 
AVhen  a  perfon  is  poflclTed  of  a  mind  fufficiently  aftivc 
to  be  eafily  affefted  with  the  relations  pointed  out 
in  the  preceding  chapters,  we  fay  of  him,  that  he  has 
an  inventive  genius  :  a  quick  difcernment  of  thofe  re- 
lations between  complex  ideas,  will  lead  him  to  com- 
bine them  into  new  ones,  or  to  new  arrange  the  order 
of  his  thoughts,  which  will  amount  to  nearly  the  fame. 
In  an  aftive  mind,  the  ideas  will  be  more  vivid,  and  fuch 
a  mind  will  take  notice  of  many  relations  that  would 

•  **  When  ideas,  and  trains  of  ideas,  occur,  or  are  called  up  in 
n  vivid  manner,  and  without  regard  to  the  order  of  former  aftual 
impreflionsand  perceptions,  this  is  faid  to  be  done  by  the  power  of 
iii.a^ination  or  fancy.'*— //or/.  Introd, 

efcapc 
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efcape  ordinary  perfbns.  When  a  mind  is  more  con- 
vcHanC,  and  more  afiefted  with  the  relation  of  cauie 
^d  efledty  fuch  will  conftitute  a  genius  for  the  fcienees. 
A  genius  for  the  arts  is  more  forcibly  ftruck  with  the 
jpelation  of  refemblance. 

Hence^  firft>  it  foUows,  that  the  ntemory  muft  be 
ftrong  to  fupply  a  genius  for  either  ares  or  fcienceg 
with  materials  for  new  improvements ;  and>  adly,  The 
mind  muft  be  aftive>  and  eafily  affirfted  by  the  federal 
nelations. 

.  The  diftindtion  between  ideas  of  memory  and  ideas 
of  imagination  has  been  already  mentioned.  Ideas  of 
memory  mirft  neceflariiy  be  more  lively  than  ideas  of 
imagination  commonly  are  a(  firft.  Ideas  of  imagina* 
tion  are  only  formed  from  the  ideas  of  memory,  fo  that 
at  moft  the  figure  is  but  at  iccond-hand,  and  muft  alio 
be  lefs  perfeft  than  what  nature  has  adlually  preiented 
to  our  fenfes.  Yet,  if  we  remember  what  was  faid 
refpefting  the  frequent  repcution  of  an  idea,  it  will  be 
found,  that  ideas  of  imagination  may^  by  this  means, 
become  fully  as  vivid  as  ideas  of  memory,  which  is  the 
cafe  with  perfons  addided  to  falftiood,  as  has  been 
^ready  remarked.  But  I  will  even  go  beyond  this, 
and  aflert,  that  a  number  of  vivid  ideas,  being  com- 
bined into  one  complex  one,  and  each  having  its 
dependant  train  of  ideas,  the  complex,  or  rather  de^ 
fomplex  idea,  by  frequent  repetition,  will  produce  a 
ftronger  fenfation  than  any  one  of  its  conftituent  parts. 
Hence  it  is  a  fclf-evident  fafb,  that  the  intelledtual 
pleasures  and  pains,  though  deducible  from  the  fen- 
iible  ones,  are  in  reality  ftronger  and  more  vivid,  as 
any  perfon  may  fatisfy  himfelf  who  confiders  a  litdc 
the  nature  of  avaricCy  amiitiouy  or  love. 

It  has  been  cuftomary  to  eftablifh  a  radical  diftinc- 

tion  between  invention  and  judgment,  as  if  they  were 

6  diftina> 
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d^Sinfl  powers  of  the  mind,  and  hot  the  fame  power 
Afferemly  employed ;  but  the  only  two  great  diftmc* 
lioDs  that  I  perceive  m  the  human  mind  arc^  memory 
sind  gentus,  which>  it  is  certain^  do  not  always  roKt 
in  the  fame  perfon.  Perhaps  the  reafon  they  are  (eldom 
found  to  exift  together  ^^  m  any  confiderable  extent^ 
may  be  a  certain  inertnefs  in  minds  of  the  foroner  caft> 
ivhich  enables  them  to  retain  ideas  in  the  grofi^  but 
which  (£faUes  them  from  feparatinjgy  analizing,  or 
making  new  combinations.  A  very  vivid  mind  is  not: 
dily  iboick  with  an  object  as  a  whole>  but  every  con- 
ftituent  part  is  obferved,  and  makes^  if  I  may  b  ex- 
prefs  it>  a  feparate  impreflion  ^  thefe  parts  are>  there- 
fore, li^le  to  become  feparacely  aflbciated  with  parts 
of  odier  complex  images,  aiKl  the  fame  vividnei^  and 
activity  of  mind  will  produce  naturally  thefe  frequent 
aflbciations. 

•  I  woald  not  be  underftood  to  rqprdent  memory,  and  erei^ 
▼ery  ftrong  powers  of  memory,  as  inconfifteat  with  genius  ;  on  the 
contrary  I  am  well  affured,  that  a  good  memory  is  one  of  its  eflen- 
tial  condituents.— •!  would  be  underftood  to  fpeak  of  thofe  uncom- 
mon memories  which  retain  not  only  the  ideas,  but  the  language 
of  authors,  and  which  will  recoiled  with  little  trouble  oot  only  the. 
fubdance,  but  the  words  of  voluminous  produdions. 
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Chap.    VII. 
of  judgment. 

Judgment ;  nuhau  •  Aj[fettt,f^FrfiabUitp 

WHEN  the  mind  examines  and  compares ob« 
jeds  or  ideas,  recalling  in  a  feries^  and  turn- 
ing them  over,  fo  as  to  diftingiHfh  their  natures,  qua- 
Jities,  or  relations,  it  is  faid  to  judge.  To  the  ad  it- 
felf,  or  the  power  of  performing  it,  we  give  the  nanse 
judgn)ent,  and  often  the  conclufion  or  inference  is  called 
a  judgment. 

Ideas  are  objefts  of  the  judgment ;  firft,  in  diftin* 
^ifhing  one  idea  fi-om  another :  this  aft  of  the  ntund 
has  given  ri(e  to  the  technical  terms  ufed  by  logicians, 
identity  and  diverfity.  Mr*  Locke  calls  this  the  firll: 
ad  of  the  mind,  which,  he  observes,  ^  it  does  widi* 
our  any  pains  or  deduftion,  by  its  natural  power  of 
perception  and  diftindtion."  adly.  Ideas  arc  objefbt 
of  the  ju(^ment,  in  perceiving  the  relation  which  one 
bears  to  another,  or  the  particulars  in  which  they  agree 
one  with  another.  Thus,  by  the  firft,  we  obfcrve, 
that  blue  is  not  purple ;  and  yet,  by  the  fecond,  we 
perceive,  that  purple  approaches  nearer  the  colour 
blue  than  yellow  does.  Or,  to  give  a  plainer  inftance— 
We  perceive  by  the  firft  aft  of  judgmftnt,  that  two 
is  a  different  number  from  four ;  and,  by  the,  fecond, 
that  they  have  this  property  in  common,  that  they  arc 
both  even  numbers. 

Mr.  Locke  obferves,  that  truth  and  falfehood  be- 
long properly  to  propofitions  *.    Truth  is,  firft,  a 

•  B.  ii.  c.  |2t 

conformity 
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conformity  of  the  idea  with  the  name;  in  other  wordsy 
that  in  the  minds  of  different  4)erfons  the  fame  name 
fhall  fuggeft  the  fame  idea,  andljr,  A  conformity  of 
the  idea  with  fome  real  exiftence.  jdly,  A  confor- 
mity of  one  idea  with  another* 

The  caufc  that  a  perfon  affirms  the  truth  of  the 
propofuion,  twice  two  is  four,  is  the  entire  coincidence 
of  the  vifible  and  tangible  idea  of  twice  two  with  that 
of  four,  as  imj)reffed  upon  the  mind  by  different  ob- 
jc6ls.  We  fee  every  where  that  PCoice  two  and  four  arc 
only  different  names  for  the  fame  impreffion.  Where 
the  numbers  are  lb  large,  that  we  arc  not  able  to  form 
any  diftinft  vifible  ideas  of  them,  as  when  we  fay, 
twelve  times  twelve  is  equal  to  one  hundred  and  forty- 
four,  a  coincidence  of  the  words  arifing  from  fome^ 
method  of  reckoning,  and  rcfembling  the  coincidence 
of  wordsi  which  attends  the  coincidencfe  of  idciis  in  the 
fimpler  numerical  propofirions,  is  the  foundation  of 
our  rational  aflcnt ;  for  we  often  do,  and  might  always 
verify  the  firhpleft  niimerical  propofitions  by  reckoning 
up  the  numbers  *. 

Thofe  judgments,  which  relate  to  dettrmining  the 
probability  of  future  events,  appear  to  be  little  more 
than  accurately  remembering,  and  felefling  fuch  prin- 
ciples as  relate  to  the  matter  in  contemplation.  We 
can  guefs  at  the  future  only  from  the  paft.  As  when 
certain  appearances  happen,  we  remember,  that  the 
lame  apppearances  were  formerly  attended  with  cer-^ 
tain  conlequences ;  the  whole  eVent  is  therefore  pre- 
fented  to  our  minds,  though  not  yet  completed.  The 
great  difficulty  is,  to  recolleft  accurately  in  what  par- 
ticular circumftances  the  prefent  matter  agrees  with 
the  paft,  and  the  degree  of  probability  will  be  in  an 
cxaft  proportion  to  the  circumftances  in  which  they 

agree. 

•  Hartley  on  Msm,  Prop.  38, 

Thus 
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Thus  we  fee  memory  furniflies  the  materials  for  the 
judgment;  the  conclufions  drawn  partake  much  of  the 
nature  of  invention.  In  this  the  two  faculties  in  a 
manner  meet ;  and  for  this  reafon  I  conclude  they  are 
radically  the  fame,  only  diffcrcndy  exerted,  Reafoning 
is  a  chain  of  judgments  founded  ode  upon  another.  Ic 
is  the  arithmetic  of  words. 
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Chap.    VIII. 

OF   WORDS. 

JBftroB  andgimral  Termt.'^l//es  ^mi  Jhifit  of  Wmr^^f^TbnB^ 

in  Lanffiagel 

WORDS  were  adopted  as  the  figns  of  ideaSf 
which  are  images  of  things  i  they  are  a  ibit 
of  coin  current  among  men  to  transfer  their  thougjits 
to  one  another  *.  Words  fenre  likewife  to  reprefcnt 
colleftions  of  ideas^  as  is  the  cafe  in  general  terms. 

On  examining  the  principles  of  language>  it  ap- 
pears, that  the  iirft  words  of  every  language  relate 
immediately  to  thmgs^  their  properties  or  aftions. 
Men  in  a  very  rude  ftate  i>f  focicty,  have  little  ufe  for 
abdraft  or  general  reafoning.  All  our  adverbs,  con- 
junftions,  and  prepofitions,  were  originally  verbs  or  f 
fubftantives. 

1  o  number  would  be  extremely  difficult  widiout 
Words :  they  fcrvc  to  diftinguifli  numbers,  of  which 
we  could  have  no  diftinft  vifible  or  tangible  ideas. 
The  nicefl  obferver  cannot  have  a  diftinft  idea  of 

*  <  Words>  in  all  men's  mouths  (that  fpeak  with  anjr  meaniDg) 
iland  for  the  ideas  which  thofe  that  ufe  them  hare,  and  which 
they  would  exprefs  by  them.  Thus  a  child  that  takes  notice  of 
nothing  ;rore  in  the  metal  he  hears  called  gold»  tlian  the  yellow 
colour,  cr.lls  the  fame  colour  in  a  peacock's  tail  gold;  another, 
tliat  has  better  obferved,  adds  to  fhining  yellow,  great  weight  ;- 
and  then  the  found  gold  Hands,  when  he  ufes  it»  for  a  complex 
idea  of  a  (hiiung  yellow,  and  very  weighty  fubflancc.'— Locke, 
b.  iii.  c.  z.  ■ 

f  See  Mr.  Home  Tooke's  Epea  Ptcroenta;  tmqueflionably  the 
frfl  woik  oN  tliis  fubjedl  in  our  own  or  any  other  langoige, 

ninety- 
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ninety-nine^  and  another  of  an  hundred^  but  by  the 
words. 

When  we  obFerve  any  quality,  or  fet  of  qualities^ 
that  arc  conneftcd  with  feTcral  different  obje6b,  wc 
conftitute  thence  an  abftraft  word^  fuch  are  round'- 
^  nefsy  whiteneJSi  human  nature^  &c. 

General  terms  are  formed,  by  obferving  that  there 
are  fome  qualities  in  which  certain  things  agree,  though 
differing  in  others  ;  we  rank,  therefore,  all  the  obje£bs 
io  agreeing  under  a  general  head,  or  clafs  them.  Thefe 
general  terms  do  not  excite  any  idea  unlefs  a  particular 
one.  Thus,  if  by  the  word  man  any  idea  is  excited. 
It  muft  be  that  of  a  particular  ma^.  The  word  animal 
is  ftill  more  general,  yet  if  any  diftinfl  idea  accompanies 
it,  it  is  only  that  of  a  particular  animal.  In  this  caf^ 
however,  there  is  no  danger  of  confufion,  if  the  ge- 
neral term  is  well  underftood,  that  is,  if  the  particular 
qualities  to  which  it  is  meant  to  refer  are  defined,  and 
diftindtly  pointed  out,  then  any  man  or  any  animal  will 
Icrve  completely  to  rcprefent  the  whole  clafs  in  thole 
agreeing  qualities,  which  the  general  term  ferves  to 
exprefs  *.  It  is  manifeft  this  is  a  reBnement  of  human 
invention,  to  prevent  the  inconvenience  of  conftantly 
referring  to  proper  names,  which  would  be  almoft  as 
laborious  as  the  contrivance  of  Swift's  philofophcrs,  to 
converfe  without  words,  by  bringing  the  thing  (pokea 
of  within  fight  of  the  parties. 

The  general  terms  repreienting  mixed  modeSy  fuch  as 
parricide^  virtue^  &c.  have  only  to  be  defined  in  the 
fame  manner,  by  pointing  out  the  afbions  or  qualities 

*  la  the  whole  bnfiaeis  of  genen  and  fpedes,  the  genus^  or 
more  comprehenfive*  is  but  a  partial  conception  of  what  is  in  the 
fpecies*  and  the  fpecies  of  what  is  to  be  found  in  each  iodividiial.*-- 
See  Locke»  b.  iii.  c.  6. 
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diey  are  defigned  to  reprefent^  and  there  will  be  no 
danger  of  confufion  or  miftake. 

Words  reprefenting  complete  ideas^  which  arc  otv* 
je£ts  of  our  fenfes^  are  defined  by  enumerating  the 
iimple  ideas  of  which  they  are  cooipounded. 

Words  reprefenting  fimple  ideas  cannot  properly  be 
definedj  for  it  is  impoflTible  to  analyze  the  idci  wUtty 
fiveet^  &c. 

It  is  unneceflary  to  fay  any  thing  of  the  nature  and 
ufe  of  rhofe  words  called  particles.  Such  a  difquifidon 
would  be  better  adapted  to  a  grammatical  treadfe^ 
rhan  to  the  prefent  work. 

Words  may  pervert  our  reafbning,  either  through 
pa^fion  or  ignorance.  As  words,  by  being  conneftcd 
with  objefts,  become  in  fome  meafurc  capable  of  ex- 
citing pleafure  and  pain^,  fo  they  may  contribute  to 
prejudice  us  for  or  againft  an  object,  when  frequendf 
united  with  it,  as  is  evident  in  the  ufe  of  the  epithets 
good^  fine,  elegant,  frightful,  bad,  &c  ^. 

Whatever  difputes  or  mifconceptions  arife  from  ig- 
norance of  words,  they  generally  happen  in  the  names 
of  mixed  modesj  or  abftraft  general  terms ;  for  in  the 
ufe  of  thofe  words,  which  only  reprefent  compla 

•  "  It  ought  to  be  remarked,  that  the  words  and  phrafescfthe 
parents,  governors,  fuperiors,  and  attendants,  have  fo  great  an  b- 
'fluence  over  children,  when  they  firft  come  to  the  afe  of  langatge, 
as  inflantly  to  generate  an  implicit  belief,  a  ftrong  defire,  or  higk 
degree  of  pleaCure.     They  have  no  fufpicions,  jraloufies,  memo* 
ries,  or  expedlatioas  of  being  deceived  or  difappoioted  ;  and  there- 
fore a  fet  of  words  expreffing  pleafures  of  any  kind,  which  they 
have  experienced,  put  together  in  almoft  any  form,  will  raife  up 
in   them   a  pleafurable  (late,  and  oppoiite  words  a  painfiil  one. 
Whence  it  is  c?Sy  to  fee,  that  the  fine  language  exprdiing  praifc 
and  the  harfli  onecxpreffing  difpraife,  mud  inftantly  put  them  into 
-a  ftate  of  hone  £ikI  py,  fear  and  forrow  rcfpcdively •^-Hartley, 
Prop.  47. 

ideas 
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ideas  of  ienfation,  there  can  fcarcely  be  any  miftake. 
The  miftakcs  alluded  to  ufually  happen,  ift.  From  an 
idea "Ijcing  omitted,  which  ought  to  havebccn  com- 
prehended in  that  definition  of  a  general  term,  which 
circry  man  makes  in  his  own  mind.  As  in  chance-- 
medley y  man-JUugbter^  murder  j  the  principal  idea  is  the 
fame,  yet  the  rcfpedive  words  fuggpft  an  idea  mate- 
rially different.  2ndl/.  From  ideas  being  admitted^ 
which  ought  not  to  be  comprehended  in  the  general 
term.  3dly,  From  an  obfcurc  or  coufufcd  view  of  the 
meaning.  4thly,  Difputes  often  arife,  becaufe  a  man 
may  have  a  part  of  the  ideas,  which  are  comprehended 
under  the  general  word*  more  llrongly  alfociated  with 
his  other  ideas  than  the  rcftj  of  courfe  he  will  have  a 
partial  view,  and  his  reafoning  will  be  bialTed  by  a 
kind  of  prejudice. 

The  firft  end  of  bnguage  is  to  make  known  our 
thoughts  to  others,  in  which  we  fail,  ift.  When  we  ufe 
words  without  clear  and  diHinfb  meanings;  adly.  When 
we  apply  received  names  to  ideas,  to  which  the  com- 
mon ufe  of  language  does  not  apply  them  -,  jdly.  When 
we  apply  them  unfteadiiy. 

The  fecond  end  of  language  is  to  make  known  our 
thoughts  with  as  much  eafe  and  quicknefs  as  poflible^ 
and  this  men  fail  in  when  they  want  either  names  for 
complex  ideas,  or  abftradt  and  general  terms.  The 
third  end  of  language  is  to  convey  the  knowledge  of 
things,  and  this  cannot  be  done,  but  whei\  the  ideas 
agree  with  the  reality  of  things  *. 

Other  abufes  of  language,  not  noted  above,  are> 
ift,  AfFefted  obfcurity ;  and.  Taking  words  for  things, 
as  abhorrence  of  a  vacuum^  Juhfiantial  formsy  &c.  to 
which  I  may  add,  xai^ingmemaryy  judgment^  imagination, 

f  See  Locke^  b.  iiL  c  9, 

G  g  2  /or 


•  •  • 

fi>r  ^fiftinft  ^Wcn,  and  almoft  fer  (fiftioft  beings  in- 
fiead  of  what  ihe7  realty  are,  only  different  modes  of 
the  nund*s  a£ting ;  ^dly,  Figuradve  languages 
'  The  fifequent  ufe  of  abftraft  and  general  teims  makes 
us  diink  in  language  more  duui  we  otherwife  flioiikl 
do;  yet  it  is  icldoini  diat  a  diain  of  dpught  is  canied 
on  in  a  regokr  chain  of  wordsj  as  if  we  were  explain- 
i^  our  thou{^ts  to  anodier^  unkis  Indeed  when  we 
con  over  a  ipeech  or  any  tranfaftion  where  Jangusge  is 
immediately  concerned. 


.  I 
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Chap.    IX  ♦• 


OF   PLEASURE    AND  PAIN, 

Pliofiure  in  confiqutMCi  rf  Jdion.mmmBy  AJfociatwn^-^By  Fafftan-'^m 
Utihty.'^Surfrizt.'^Farittj.^^Reffdariijf.i^^ImaiiiuUiotu 

^^  'TT^O  excite  us  to  the  aftions  of  thinking  and  mo- 
JL  tion  (fays  Mr.  Locke)  the  author  of  nature 
has  joined  to  feveral  thoughts  and  fenfattons  a  percep- 
tion of  delight ;  without  this  we  fhould  have  no  realbn 
to  prefer  one  thought  or  adion  to  another,  motion  to 
reft ;  in  which  ftate  man,  however  fumifhed  with  the 
faculties  of  underftanding,  &c.  woukl  be  a  very  idle 
inactive  creature,  and  pafs  his  time  only  in  a  lethai^ 
dreanu  Pain  has  the  fame  cQefi:  (continues  he)  to 
let  us  on  work  that  pleafure  has;  fince  we  are'  as  ready 
to  avoid  that  as  to  purfue  this/' 

It  is  evident  that  pain  and  pleafure  are  relative  terms^ 
expreflive  of  an  alteration  in  the  ftate  of  the  perfon^ 
bodily  or  mental,  ift.  Some  degree  of  pleafure  or 
pain  attends  almoft  every  imprelDon  on  the  five  fenfes; 
2dly.  Relief  from  an  uneafy  fituation  is  pleafure ;  thus, 
the  wants  confequent  on  our  natural  appetites  are  pain- 
ful, and  to  fatisfy  them  pleafant  f .  3dly.  The  recol- 
)eftion  of  the  ideas  of  thofe  things  which  are  hurtful 

0 

*  At  thu  chapter  the  fecond  p^  of  this  book  ^omoMiipes,  or 
|hat  which  treats  of  the  adive  powers  oi  man. 

f  ..The  appetites,  which  are  the  fprings  of  the  paflions^  are» 
hunger,  thirft,  and  the  defire  of  procreation.  The  bodily  affec- 
tions prpdudive  of  pain  and  pleafure,  and  which  are  connected 
with  the  feufe  of  feeling,  are,  fickneis  and  wearinefs,  and  to  thefa 
we  may  opppfe  the  feeling  of  health  and  vigour,  and  the  feaCition 
(>f  l^e^  or  the  pleafure  attending  the  moderate  a&um  of  cwr  fcnies. 
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to  the  body,  or  ideas  afTociated  widi  them^  is  pro- 
dudivc  of  trouble  to  the  mind,  and  the  contrary  *,  as 
will  be  amply  proved  in  the  progrefs  of  this  volume* 
So  far  is  evident  from  experience.  To  afcertain  the 
nature  and  cauie  of  painful  and  pleafurable  fenfations 
is  an  inquiry  of  fome  difficulty.  Anatomifts  and  phy- 
iiologifts  are,  I  apprehend,  very  generally  agreed  m 
one  point ;  it  will  therefore  be  fufficicnt  to  fiibjom  the 
opinion  of  one  of  the  moft  eminent,  efpccially  as  the 
£ubje£t  has  been  in  part  inveftigated  on  a  former  occa- 
fioaf.  '  All  I  ftiall  afllime  (ftys  Dr.  Monro)  is  what 
18  founded  on  experiments,  that  fenfation  and  motion 
do  depend  upon  the  nerves  ^  that  fenfations  are  plea- 
iant.  as  long  as  the  nerves  are  only  gently  affefted,  with- 
out any  violence  offered  to  them ;  but  ^as  foon  as  any 
&rce  goes  b^ond  this,  and  threatens  a  folution  of 
uni^n,  it  creates  that  uneafy  fenfation,  pain  j:/ 

If  we  examine  the  courfe  of  human  life,  we  /hall 
find  almofl  the  whole  of  pofitive  pleafure  to  confift  in 
;iftion  of  fome  kind»  Sleep  will  hardly  come  under 
the  denomination  of  pofitive  pleafure.  It  is  defired, 
becaufc  it  produces  a  relief  from  wearinels,  and  is  a 
flate  to  which  our  bodies  naturally  tend  when  fatigued  j 
otherwife  it  is  a  flate  of  infenfibility,  and  it  would  be  an 
abufe  of  language  to  call  it  pleafure.  Some  impreflions 
are  primarily  grateful  and  others  difagreeable.  That 
the  painful  and  difagreeable  are  fuch  by  an  intenfe 
degree  of  agitation,  which  flrains  and  prejudices  the 
organs  of  fenfe,  is  probable.  It  is  alfo  probable,  that 
the  agreeable  follow  the  general  law  of  our  nature,  and 
are  pleafmg  on  account  of  the  gentle  yet  lively  aftion 

*  The  exprcflion  of  pain  in  the  countenance  is  much  the  fame 
■   whether  bodily  or  menial,  onJy  differing  in  the  degree, 
f  Sec  bookix.  c.  36. 
J  See  alfo  Chefelden's  Anatomy,  chap.  Nerves, 
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or  agitation  excited  in  us.  There  will  remain  little 
doubt  of  the  truth  of  this  doftrinc,  if  we  confider  that 
fight  and  heat  in  a  moderate  degree  are  productive  of 
^eafure^  and  in  greater  quantities  hurt  by  their  intenfe* 
nels  ;  that  many  acids,  &c.  which,  when  dUuted,  arc 
agreeable  to  thetaftc,  are  highly  painful  when  applied 
pure  and  unmixed  *.  In  fine,  abfolute  reft  is  die  death 
of  Icnfe.  Motion  is  the  very  charad^riilic  of  animal 
life :  and  moft  of  our  intellectual  as  well  as  fenfiUo 
pleafures  feem  to  depend  on  a  moderate  increafe  of  • 
aflion.  Recalling  an  old  idea^  which  is  conne^d 
with  a  train  of  other  ideas,  ismanifefUy  pleafingif 
and  this  appears  to  refuk  from  the  gende  agitatioqi 
imparted  to  the  organs  of  thoiight.  ^  The  mufic  was 
19fre  the  memory  of  joys  that  are  pafb,  mburnfiil,  but 
pleafant,  to  the  foul/'  The  pleafures  of  the  imitative 
arts,  of  figurative  language,  of  the  fliblime,  the  beau- 
tiful, and  ilill  nnore,  the  pleafures  of  variety,  wiU  metC 
an  eafy  folution  on  this  principle  f.  \     — 

Of  pains,  fome  are  pofitive,  as  really  af&Aing  the 
body :{:,  others  only  afFedting  the  mind  by  being  con- 

nedcd 

•  "  There  is  nd  one,  of  ever  fo  little  undeHHanding  in  what* 
belongs  to  a  human  conflitution,  who  kn6W8  not,'that,  wittiout' 
adlion,  naotion,  or  employmeat«  the  body  langniihesi  and  is  op-^ 
preffed,  &c."  **  In  the  fame  manner  the  feniibte  and  living  part, 
tbe  foul  or  mind,  wanting  its  proper  and  natural  exercife,  is  bur- 
thened  and  difeafed,"  Sec: 

SbafieJhuryEfiq.Con.Firtue,h.u.^Al{.i. 

f  This  IS  to  be  underilood,  however,  as  nothing  more  than  air 
attempt  to  account  for  the  nature  of  pleafore  and  pain  j  and,  I  own, 
it  appears  to  roc  the  moft  rational  I  have  ieen.  The  eftablifluncnt 
or  rcjeftion  of  this  dodrine  will  not  affeft  the  trudi  of  my  general 
principles;  and  I  can  ftart  fairly  with  this  felf-evidcnt  maxim,  that 
pleafure  and  pain  are  the  cffefts  of  certain  impreffions  on  all  our 
fenfes,  and  that  the  cravings  of  the  appeutes  ai^  painful,  and  the 
gratification  of  them  adminiftrrs  pkafore, 

t  **  Since  the  pains  of  feeling  are  ht  more  nnmeroiu  and  vio* 
le^t  than  tbofe  pf  all  par  other  fenfes  put  together,  the  greateft 
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ncfted  with  painful  ideas ;  and  further,  pain  is  generally 
confequent  on  the  abfence,  or  deprivation  of  plcafure; 
that  is,  our  expe£tations  are  difappointcd,  and  we  are 
robbed  of  the  pleafure  of  hope,  for  we  arc  ever  in 
purfuit  of  plcafure  ;  but  the  pain  i%  always  greater  in 
proportion  as  the  expeftation  was  probable.  Thus, 
there  arc  many  founds,  which,  though  very  diffonant, 
fcarcely  give  us  pain ;  yet  to  a  good  ear  the  fmalicfl: 
dilTonance  in  mufic  is  ofFcnfive.  The  lime  may  be 
obferved  in  painting,  architeflure,  &c. 

Our  ideas  flowing  naturally  in  a  train,  whatever  is 
introduced  forcibly,  and  bearing  net  an  immediate  con- 
Dcftion,  pains  the  mind,  becaufe  it  diftrafts  it  with 
the  variety  of  ideas,  which  are  crouded  together  by 
the  collateral  circumflances  introduced  by  it»  as  well 
as  thofc  depending  on  the  former  train  of  thought, 
-  An  impreflion,  which  was  painful,  will  leave  a  trace 
or  idea  of  pain  behind  it,  and  a  pleafurable  imprelHon 
an  agreeable  idea ;  thefe,  it  is  plain,  may  be  excited 
by  any  of  the  aflbciated  circumftances.  But  the 
flrongeft  relation  is  that  of  caufation.  What  we  con* 
ceive  to  be  the  caufe  of  painful  or  pleafurable  fenfa- 
tions  will  be  intimately  combined  with  thofe  ideas  j 
and  hence  we  always  love  or  hate  mod  vehemently 
what  we  conceive  to  produce  pleafure  or  pain.  But 
as  the  principfe  of  aflbciation  is  not  confined  to  the  re- 
lation of  caufe  and  effecft  alone,  any  other  circumftance 
aflbciated  by  contiguity  of  time  or  place,  or  even  by 
refeniblance,  will  partake  of  the  paffion.  It  is  well 
known  that  the  very  word  phyfic  conveys  a  dif- 
agrceablc  idea  to  children,  who  have  been  compelled  tq 
take  naufeous  draughts,  and  they  can  fcarcely  endure 
the  perfon  of  the  apothecary.     The  mention  of  paru-? 

part  of  our  intelledual  pains  are  dcducible  fiom  thcni» — Hartlj 
en  Man,  Prop,  13, 

cuUr 
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cular  medicines  will  fometimcs  excite  vomiting  in  veiy 
delicate  and  irritable  habits.  Some  medicines^  palat- 
able in  themfelves,  from  the  idea  of  their  painful  ^edts, 
vft  naufcate. 

The  ftnfible  pleafures  are  greater  in  number  than 
the  lenlible  pains.     Of  this,  waving  any  abftra6l:  re»- 
fbning,  fuch  as  the  love  of  life,  and  the  pleafures  of 
habit,  any  man  may  be  convinced,  who  will  be  at  the 
trouble  of  enumerating  them.     Now  our  intelledual 
pleafures  and  pains  are  combinations  of  the  fenfible. 
and  of  courfe  our  pleafures  will  be  more  numeroiK 
than  our  pains.     Ideas  feem  to  have  an  efFefl:  on  the 
mind  (imilar  to  what  Ibme  applications  arc  faid  to  have 
on  the  body,  which  are  fedativcs  when  applied  in  lai^e 
quantities,  and  ftimulants  in  fmall.     **  The  fight  of 
tortures  chilb  the  whole  foul,  and  produces  almoft  a 
total  ftagnatioa  of  thought  *  5"  but  relations  of  tortures 
have  never  any  fuch  efFeft,  and  men  feem  to  6nd  them 
agreeable,  by  the  avidity  with  which  they  liften  to 
them.     The  truth  is,  a  very  violent  mental  agitation 
is  required  to  produce  pain,  and  every  moderate  a^- 
tation  will  produce  pleafure  :  a  proof  that  the  inteU 
leftual  pleafures  muft  be  very  numerous,  and  the  in* 
telledlual  pains  very  few.     A  defcription  of  a  ftorm  or 
battle,  which  is  really  compofed  of  painful  or  difagree- 
able  ideas,  will  excite  in  very  few  a  degree  of  agitation 
which  arifes  to  pain,  and  moft  people  experience  aia 
aftual  pleafure    from  thefe  defcriptions.     The  very 
deformities  of  nature,  a  rugged  and  frightful  hill,  or  a 
ftorm  of  lightning,  give  us  pleafure,  when  cxadUy 
pooled i  and  we  read  with  pleafure  even  of  ill  actions: 
jind  fee  the  cruelties  of  tyrants  reprefcnted  on  the  thc- 

^  Gerard  on  Geniqs,  part  iu  f.  4. 
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txrty  with  a  kind  of  fole  mn  delight"^!  This  can  onljr  rcfbk, 
ift^  From  the  mental  agitation^  which  thefe  trains  of 
thought  produce.  2dly,  From  fbme  agreeable  ideas, 
which  may  be  connedted  with  the  train  of  thought  $  ibr 
the  mind  is  ever  ready  to  turn  and  embrace  plesUing 
afibciations,  and  frldom  fond  of  purfuing  a  diifagreeable 
trains  3dly,  Variety  is  generally  connected  with  rude 
nature,  and  imperfect  charaders. 

The  pleafure  refuiting  from  narratives  of  apparitions, 
enchantments,  &c.  may  be  accounted  for  on  the  fame 
principles  \  and  from  the  pleafare  attendant  on  them 
refults  the  eafy  belief  which  men  afford  to  fucb  fancies. 

The  pleafure  oi  utility  refults  from  the  ideas  of  plea- 
fure that  are  aflbciated  with  the  ends  of  any  work  or 
undertaking.  Hence  thefe  pleafurable  ideas  become 
affpciatcd  with  the  employment  itfelf.  Though  in 
fome  inftances  this  cHecSt  may  be  countera&edfa  the 
general  principle  holds  nevertheleis  true* 

Pleafure 

*  At  the  fubfiding  of  grief  there  is  a  certain  melancholy  pica- 
fare.  A  diftant  view  of  the  misfortunes  of  others  affords  a  liroilar 
ferJation  :  but  they  produce  pain  if  they  touch  us  nearly ;  and 
fome  hearts  are  fo  fufceptible,  that  they  arc  moved  much  eafier  than 
otliers.  On  the  imagi.iation  being  excited  to  adion,  we  feel  a  moil 
agreeable  fenfation  ;  and  it  is  a  common  maxim  among  authors,  to 
leave  fomething  to  the  itnagination. 

f  "  A  pfifon  is  certainly  more  ufcful  to  the  public  than  a  pa- 
lace ;  and  the  perfon  who  founds  the  one  is  generally  dirc^icd  by  a 
much  julter  fpirit  of  patriotifm  than  he  who  builds  the  other.  B-t 
the  immediate  efTedls  of  a  priibn,  the  confinement  of  the  wrctchci 
Ihi't  up  in  it,  are  difagrccablc,  ar,d  the  imagination  either  dot&  not 
take  time  to  trace  out  the  remote  ones,  or  fees  them  at  too  great  a 
dillance  to  be  much  aiTccled  by  them."— .Sw//-J»V  TUor.  Mor.  cW. 
part  i.  f.  3.  c.  3. 

"  On  the  contrary,  we  nuy  add,  the  pleafure,  the  gaiety,  the  great- 
nefs  of  nhofc  who  inhabit  the  palace,  n&:urally  aifei^  the  mind  with 
pleafmg  fentiments. 

«  Trophicj 
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Plftfbir  m^  rcfult  from fttrprife  on  feveral  accounts^ 
T be  %it- :lon  whictv  a  moderate  furprrfc  jbccAflcmt^  h 
agreeable  I  bui  the  furprife  which  is  oniced  with  the 
fithh&Um  ef  finding  otnrfelves  lafe^  aicr  f Micying  we 
wcte  ih  danger,  is  ftill  more  exquifite  j  dnd,  pLi'hsp^ 
the  moft  exquifitie  of  all  is,  -cvhcri  We  find  occafton.  for 
ictf-c6mhiendariorV,  as  in  folving  a  problem,  &c.    .     . 

The  plcafure  oivdriety  feerns  to  be  the  cffe<Sl:chitflf 
ffxiit  moderate/ ind  yet  lively  agiotifdn,  which  fevered 
trains  of  thought  induce^  . .  : 

Though  it  appears  from  all  that  hM  been  Mdy  diA 
gentle  agitation  is  in  general  produdive  of  pleafure, 
yet  the  mind  has  likewife  a  natural  love  of  eafe,  and 
will  not  bear  much  fatigue ;  a  litde  exertion  foon  tirts 
it  s  for  this  reafon,  regularity  is  pleafing,  and  the  con- 
trary. We  readily  embrace  a  regular  figure ;  the  train 
'  of  thoughts  floY/  naturally  to  the  different  parts  i  wc 
comprehend  it ;  our  mind  is  fadsfied  with  it,  Wc 
pwrfue,  with  a  kind  of  eafy  emotion,  a  regular  (cries; 
and  hence  it  is,  that  men  have  been  fo  fond  of  reafbn- 
ing  from  univerfal  axioms.     The  irregular  pleafes  in 

**  Trophies  of  the  inilruments  of  mufic  or  of  agriculture,  imi- 
tated in  painting  or  ftucco,  make  a  common  and  an  agreeable  or- 
nament of  our  halls  and  dining-rooms.  A  trophy  of  the  fame  kind« 
compofed  of  the  inftruments  of  furgery,  of  difTe&ing  and  amputa- 
tion knives,  &c.  would  be  abfurd  and  (hocking.  Inftruments  of 
furgery,  however,  are  always  more  finely  polifhed,  and  generally  * 
more  adapted  to  the  purpofes  for  which  they  are  intended,  thad 
inftruments  of  agriculture.  The  remote  effeds  of  them  too,  the 
health  of  the  patient,  is  agreeable;  yet  as  the  immediate  efFefl  of 
them  is  pain  and  fuffering,  the  fight  of  them  always  difpleafes."-*- 
U. 

**  Inflruments  of  war  are  agreeable,  though  their  immediate  tSeSt 
may  feem  to  be,  in  the  fame  manner,  pain  and  fuffering ;  but  then 
it  is  the  pain  and  fufFcring  of  our  enemies,  &c.  With  regard  to 
us,  they  are  iouncdiately  conneded  witk  the  agreeable  ideas  of 
courage,  victory,  and  honour."—/^.        ^ 

the 
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the  works  of  nature  from  cuftom^  and  the  ideas  con- 
ne^d  with  them.  Neveithelcfs,  where  the  end  is 
pleafure,  we  may  lay  it  down  as  an  univerfal  rule^  that 
an  objedt  ought  to  poiTefs  fome  degree  of  variety  widi« 
put  entirely  departing  from  that  uniformity  we  love. 

The  pleafures  of  the  imagination  I  have  aflerted  to 
be  much  more  numerous  than  the  pleafures  of  ienfe  j 
and  thefe  refult>  firft^  from  whatever  of  the  beautiful  is 
poffefled  naturally  by  the  objeA^  defcribed«  adly^  From 
the  aflbciations  of  pleafure  originally  deduced  fix)m  the 
(^nk$  with  other  ideas. 


Chap.  10.]  [     4^1     1 


HAP.      X. 
OF   LOVE    AND    HATRED. 

BefimtM  oflAve. — Origin  of  tbt  Social  PaffUn.-^DiJliki  imd  Ha* 

tredj'^Defiri  and  Jn/erfion,* 

LOVE  is  the  idea  of  pleafure  aflbciated  wi A 
another  idea.  Some  of  the  firft  imprelSons  of 
pleafure  an  infant  receives  are  by  the  gratification  of 
its  appetites.  Its  firft  emotions  of  love  are,  therefore, 
towards  the  being  that  fupplies  it  with  food^  &c.| 
and  it  is  obfervable,  in&nts  never  fail  in  this  love« 
The  idea  of  pleafure  is  in  reality  firft  united  with  the 
food  itielf^  and  of  courfe  transferred  to  it,  and  thence 
to  the  objeft  by  whom  it  is  fupplied.  All  our  wants 
are  (atisfied  (particularly  in  our  tender  years)  by  means 
of  our  own  fpecies  s  hence  the  moft  agreeable  ideas  are 
united  with  them>  and  fo  often  repeated,  that  in  time 
the  love  of  mankind  becomes,  in  a  manner,  a  necefiary 
part  of  ourfelves  j  and  from  this  fource  may  proceed 
the  focial  afledlions. 

Diflike  and  hatred  are  the  oppofites  to  love,  and  re-^ 
fult  from  the  idea  of  pain  combined  with  another  idea. 
A  child  (hall  have  no  diflike  to  a  certain  medicine,  till 
after  it  has  produced  naufea,  or  fome  painful  fenfation, 
and  thenceforward  he  will  fcarcely  hear  it  named  without 
exprcffing  his  averfion  *. 

.  The  paffions  have  been  analyzed,  and  thus  reduced 
jto  icve  and  hatred  by  fome  of  the  oldeft  writers  on  the 

*  The  idea  of  pleafure  being  annexed  to  a  thing,  conflitutes  it. 
as  we  fay,  good.  The  idea  of  pain  (either  immediate  or  related) 
eviL  **  Thefe  (as  Mr.  Locke  obferves)  are  the  hinges  on  which 
the  paffions  tarn.".    See  Locke|  b.  ii,  c  2#. 

fubjeft 


•v^      fubjeft  now  extant.    It  is  evidenc,  that  i2^eahd  aver* 
Jbm  are  the  fame  paffipns  made  aftive.   -inanimate 
things  may  be  the  obieSts  of  bye  or  diflike.    '*  The 
houfe  wluch  we  have  long  lived  in,  the  tree  who(e  ver- 
dure and  Ihide  W9  hlVfe  Imgfrgffffi^  fre  I|y>lced  upon 
\^th  a  fort  of  refpeA  V'    The  Dryads  and  Lares»  a 
ibrt  of  genii  of  trees  and  Eoufes^  were  probably  fiift 
iiiggefted  by  this  kind  of  aficAioh. 
Befire  or  the  fenfation  of  want:  may  be  either  feniinl 
' '   or  ima^nary  ^  it  may  be  fixed  on  the  j^ea&re  off  g^ 
•    tifying  an  appedte^  or  cm  die  delist  accruing  to  die 
eyes  or  ear$  firom  the  perception  of  beauty.    When 
inftiTidion^  educatioh,  or  prejudice  of  wf  kind»:raiic 
a  d^fire  or  avccfion  towaids  an  objeA,  it  muft  be 
(bunded  Qti  ?ifi  opinion  b(  ibme  quality^  (6r^  the  percep- 
tion of  which  we  have  the  proper  fen&s.    Thus,  if 
l)eauty  is  defire4  by  one,  who  has  not  the  fenfe  of  4^t« 
^  defirc  (nuft  be  raifed  by  fomb  apprehepded  itga* 
larity  of  fijB;ure9  fwcctnefs  of  voice^  finoothnefs^or  &&• 
ncls,  or  feme  other  quality  perceptible  by  the.  other 
Teofes  (without  relating  to  the  ideas  of  colour  f )  or  from 
the  commendation  of  others. 

•  Smith's  Theory  Mor.  Sent*  part  u.  £  3.  c.  u 
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Chap.      XL 


OF    BEAUTY. 


Of  Beoietj  in  gemral.'^Original.^^From  Affodatkuj'^NatMn 

and  Art^ 


WE  may  fay  in  general  of  beauty,  that  it  is  feme 
quality  in  objeds  capable  of  exciting  unnrixed 
ideas  of  pleafure,  independent  of  the  gratiBcadon  of 
any  of  the  animal  appetites.  This  definition  does  not 
differ  much  from  that  of  JPIato,  *'  To  ii  a^m^  xai  axovnc 
^h  *."  Perhaps  we  give  this  pre-eminence  to  the 
pleafures  not  depending  on  appetite>  as  they  are 
the  mod  innocent,  and  lead  liable  to  dilguft  and 
iatiety  f . 

The  principal  diftinftion  between  the  pleafqre  af^ 
forded  by  fublime  objefts,  and  that  by  thofe  which  wc 
term  beautiful,  feems  to  be,  that  the  latter  is  pure 
unmixed  pleafure  from  the  gentle  agitation,  whereas 
the  former  borders  upon  pwi  (ariGng  froni  fome  com* 
pound  of  the  paflTion  of  fear)  and  is  often  not  unmixed 
with  aftual  pain,  and  always  requires  a  greater  exer- 
tion, and  produces  a  more  violent  agitation  of  the  or- 
gans of  fenfe. 

•  «  The  pleafknt  to  the  fcnfcs  of  fight  and  hearing."— PlatQ, 
Ilippias  major. 

t  lb.  Beauty  is  never  properly  applied  to  the  fenie  of  ta(Ung> 
as  it  feems  too  coarfe  an  enjoymcut  to  be  reckoned  aiaong  theisp 
tional  ones. 

The 
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The  pleafure  afforded  by  rifiblc  objcfts  *  is  not 
that  tranquil  pleafure  which  arifcs  from  the  con- 
templation of  beauty,  neither  is  it  pure  or  unmixed 
pleafure.  Contempt,  or  feme  painful  paffion,  is  ge- 
nerally in  fome  degree  compounded  with  the  rilible 
idea. 

The  primary  conftitucnts  of  beauty  feem  all  of  them 
to  be  fuch  as  promote  gentle  agitation,  and  thus  in« 
creafe  our  (enfe  of  life.  Such  are,  ift.  Lively  colours, 
where  they  are  not  fo  ftrong,  or  the  application  {q  con- 
tinued, as  to  produce  pain  f.  The  young  man  couched 
by  Chefelden  thought  fcarlet  the  moft  beautiful  co- 
lour, and  of  others  the  gayeft  gave  him  moft  pleafure. 
The  firft  time  he  faw  black  it  gave  him  great  uncafi- 
nefs  J.  2dly,  Variety  and  contrafts  of  colours,  where 
the  tranfition  is  lively,  without  being  too  abrupt.  Fe- 
males of  tafte  make  much  ufe  of  this  principle-  in  the 
choice  of  their  ornaments  of  drefs.  3dly,  Certain 
ibunds  and  combinations  of  them,  analogous  to  thofe 

*  Rifibility  is  often  produdliv?  of  pleafure,  as  are  fome  other  af- 
fe£lions  which  have  no  relation  to  what  is  called  beautiful.  Beauty 
feems  moil  properly  applied  to  a  plcafing  idea  excited  by  fome  ex- 
ternal objed ;  but  moll  frequently  our  ideas  of  beauty  arife  from 
aflbciations,  as  the  fenfe  of  propriety,  eafe,  5:c.   &c. 

f  "  It  is  evident  that  gay  colours,  of  all  kinds,  are  a  principal 
fourcc  of  pleafure  to  young  children  ;  and  they  fccm  to  llrike  them 
more  particularly,  when  mixed  together  in  various  ways."—Hart]ey 
on  Man,  Prop,  22. 

f«  Jn  a4ults  the  pleafures  of  colours  are  very  languid  in  com- 
parifon  of  their  prefent  aggregates  of  pleafure  formed  by  aiiocia- 
lion.— Ibid. 

Green,  t}ic  middle  colour  of  ^he  fcvcn  primary  ones,  is  moft 
grateful. 

X  Chefelden's  Anatomy,  p.  301.  The  boy  couchc4  by  Chefel- 
den was  mod  pleafed  with  red,  perhaps,  becaufe  it  was  the  com- 
plctell  exertion  of  his  newly  acquired  faculty.  He  dreaded  black, 
probably,  becaufe  it  reftored  him  to  hii  former  (late,  and  was  in 
b&  a  partial  negation  of  fcnfc. 

of 
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of  colour  juft  mentioned.  4thly,  Flowing  eafy  morion, 
without  that  violence  which  gives  a  double  fcnlation  of 
pain,  vi2.  befides  the  harfh  tS^di  to  our  fenfes,  aii 
afibciated  pain,  by  putting  ourfelves  in  the  place  of 
the  objeft,  $thly.  The  agitation  which  a  water-fall, 
a  varied  profpedt,  or  art  high  afccnt,  produces,  may  be 
a  fource  of  that  kind  of  pleafure  we  afcribe  to  beauty, 
even  independent  of  the  aflbciated  ideas.  Hence  ic 
follows,  that  figures,  which  poflcfs  variety  without  any 
thing  harih  or  abrupt,  the  waving  line,  running  water, 
and  many  of  thofe  Conftituents  of  beauty  remarked  by 
painters,  are  naturally  and  primarily  fuch.  Thefe  when 
fo  difpofed  as  ngt  to  cdntradidb  any  attachment  efta- 
blifhed  by  cuftonn,  and  ftill  more  when  they  coincide 
with  it,  as  when  nature  is  imitkted  in  a  fine  landicape, 
br  defcribed  in  a  poem,  never  fiiil  to  give  pleafure  i 
and  heiice  it  appears,  that  authors  have  miftaken  who 
have  defcribed  that  which  is  moft  fit  and  regular  as  die 
moftbeaurifuh  Admitring^  in  the  inftance  adduced  by 
Plato  ^,  that  the  wooden  fpoon  niight  be  mod  uleful  and 
proper;  yet  if  even  the  value  is  fct  afide^  I  apprehend 
the  golden  one  would  be  allowed  to  pofTefs  the  moft 
intrinfic  beauty* 

The  aflbciations  that  ari(e  originally  from  the  plea-^ 
fures  of  fenfe  may  become  fo  diftant,  that  we  lofe  fighc 
of  their  origin  1  and  to  an  objeft  in  this  cafe  convey- 
ing pleafure,  men  univerfally  affign  the  epithet  beauri- 
fuL  Though  it  is  probable,  that  moft  frequendy  fome 
of  the  primary  Conftituents^  of  beauty  will  be  com- 
pounded with  it,  and  of  this  mixed  nature  are  moft  of 
the  obje£ts  we  denominate  beauuful,  as  a  fiile  houfe, 
a  landfcape,  a  running  horfe,  &c.  On  this  account 
it  is  worth  obfervmgi  \Ve  often  find  a  whole  to  poflefa 

f  Hippials  Maj. 

Vol.  Iir.  Hh  UauQr« 
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beauty,  which  by  no  means  refides  in  the  conftitucnc 
parts  *•    The  fimple  conftituencs  of  beauty  haTC  but 
little  influence  when  put  in  competition  with  the  defiit 
of  gratifying  the  appetites,  or  the  fear  of  pain  i  to 
illuflxate  this,  I  (hall  only  mendon  a  univerfal  and  com- 
xnon  prejudice/   There  is  nothing  really  defonmed  10 
ierpents ;  on  the  contrary,  many  of  the  acknowledged 
conftituents  of^beauty,  fuch  as  lively  colours,  variety, 
ftrc.  are  found  m  them ;  yet  from  a  knowledge  of  thdr 
noxious  properties  we  cannot  by  any  means  bring  oun 
(elves  to  view  them  vrith  that  pleafure  which  beautiiiil 
objet^ls  ought  to  infpire.    An  objed  which  is  beaudfiii 
will  impart  a  virtue  to  every  thing  connefted  with  it. 
Things  prepofterous  and  deformed  in  thenifelves  art 
reconciled  to  us  when  worn  by  a  beautiful  perfbn  i  and 
hence  fafhion  derives  its  extenfive  influence.    On  the 
contrar}',  what  is  worn  by  ruflics  is  leflencd  in  our 
eftimadon  by  the  awkwardnefs  of  the  wearer.    Mca 
admire  the  very  defe<5l:s  of  their  miflrrefles,  and  ofea 
judge  of  beauty  by  their  peculiarities. 

^'  Amatorem  quod  amicx 
•»  Turpia  decipiunt  coecum  viiia  aut  ctiam  ipfa  hacc 
♦*  Deledlant;  veluti  fialbiuum  polypus  Hagna:  f-'' 

Hence  we  may  in  a  great  meafure  account  for  both 
the  uniformity  and  diverfity  of  tafte  prevalent  among 
mankind.  There  are  fome  objeds  and  qualities,  which 
intereft  and  are  pleafing  to  every  man ;  others,  with 
men  differently  circumftanced,  receive  a  colour  from 
other  ideas,  with  which  they  may  be  connefted."  The 
human  form  is  the  mofl  pleafing  of  all  forms  to  evcqp 

*  Hipptas  Maj.  ad.  fin. 

t  The  robe  of  magiilracy,  etcn  when  fcen  on  the  fbigc,  ii- 
accounted  elegant  and  refpc^ble#  and  fuggeils  correfpondent 

ideas. 

^  man, 


iZhzpk  rh]  '  Rural  Beauties.  ^7 

man^  bccaiifc  from  focicty  he  has  derived  all  his 
chofcefl:  plcafurcs ;  but  whedicr  white  or  blackls  to  be 
J>rcferred,  whether  an  aquiline  or  a  flat  nofe,  wiU,  per- 
faaps^  depend  on  early  aflbciations  to  determine; 

The  influence  of  aflTociation  over  tfur  fenfe  of  beauty 
is  further  obvious  in  this,  that  fcarcely  any  man  exifts, 
who  does  not  annex  to  particular  fets  of  features  good 
.  and  bad  moral  ideas ;  andtfaefe  will  probably  be  drawn 
from  particular  perfons.  I  knew  a  celebrated  painter, 
Mrhofe  bed  hiflorical  figures  all  bore  fome  refemblance 
to  hin\felf ;  and  others  have  been  known,  who  con- 
fiantly  c(^fed  dieir  own  wives  ias  the  perfedtion  of 
beauty. 

Rurd  beaudes  are  (b  cbmpounded  of  the  primary 
conftituents  of  beauty^  united  with  fo  many  things  that 
gratify  our  appetites  and  fenfes>  together  with  many 
comp^  pleafures,  fuch  as  iports  and  paftimes,  the 
amorous  plcafures>  &c.  that  it  is  no  wonder  Acfh, 
with  die  encomiums  of  others,  which  have  always 
an  influence  on  imitative  animals,  fhould  make  them 
tke  almoft  unceafing  theme  o£  poets.  Of  the  beaud^ 
of  art  I  fhaU  treat  in  another  cluipter. 


Hhd 
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« 

TW  O  obfervatioas  naturally  occur,  when  we  cotf« 
temfdate  the  force  of  ctiftom:  ift,  Thatwhol 
we  have  been  long  uicd  to  ice  two  things  together,  ire 
do  not  with  perfect  pleafure  endure  to  behold  them 
ieparate.  This  is,  in  truth,  a  ipecies  of  diCtppointmcnti 
The  idea  appears  incompkte »  there  is  a  want,  and  a 
painftil  fenfe  of  want.  Thus  a  cow  wkh  but  one  hon^ 
tn-  a  dog  with  one  car,  is  a  difagreeable  ol^eA^  dio^gh, 
dinibtlcfs,  if  diey  had  been  created  with  but  one,  two 
would  have  been  accounted  a  deformity, 
r  ^  2dly,  It  is  commonly  remarked,  that  cuftom  wiH 
make  us  love  almoft  any  thing,  and  will  reconcile  tn 
'  to  almoft  any  condition.  The  force  of  cuftom  here 
fcems  to  depend  entirely  on  the  principle  of  aflbcia- 
tion.  We  have  already  feen  that  pleafurcs  are  more 
•abundant  than  pains.  There  is,  therefore,  fcarcely  any 
ftate  in  life,  which  will  not  be  produSive  of  manjr 
agreeable  ideas  j  thefc  ideas  become  connefted  with 
the  objefts  and  aftions  which  have  occurred,  while 
they  have  remained  imprefled  upon  the  mindj  the 
idea,  therefore,  that  imparted  the  pleafure,  and  the 
other  idea,  will  become  blended  together;  nay,  the  fenfe 
of  pleafure  will  be  transferred  from  the  former  to  the 
latter,  fo  that  it  may  recur  united  with  a  fenfe  of  plca- 
fure>even  when  the  objcft  th.:t  originally  imparted  the 
pleafure  is  forgotten.     Thus  it  is  not  at  all  uncommon 

to 
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>  hear  pcrfons  fpeak  in  rapturous  terms  of  their  pad- 
tiiation,  when  ic  is  impoflTiblc  for  them  to  recount  the 
rafbns  why  it  was  fo  agreeable  s  or,  if  they  were  to 
rtempt  to  recount  them,  they  would  probjJWy  not 
ffign  the  true  caufe^,  Aftions  and  tUngs  in  them^ 
rlvcs  indifferent  thus  borrow  plcafures  from  others, 
id  by  this  means  attach  us  to  them,  as  we  have  feea. 
lax  faihions,  without  any  pnje  original  principle  of 
cauty,  nay,  even  deformed  in  thcmlelves,  obtam  rc- 
ytA  and  admiration  from  the  beauty  of  the  wearer. 

It  is  thus  that. card-playing,  and  fome  other  habitual 
ices,  not  in  thcmfclves  pleafant,  acquire  an  empire 
ver  us.  The  defir^  of  imitating  othen^s  has,  we  will 
ipppfe,  been  our  firft  motive  for  engaging  in  them; 
bey  have  been  united  in  the  courie  of  our  purfuing 
fiem  with  the  plcafures  of  fociety,  the  occafional  gra* 
ification  of  avarice,  the  pleafure  of  furprife,  &c*  and 
bus  afterwards  appear  pleafant  themielves  from  their 
►orrowed  luftre. 

Whether  the  love  of  life  itfelf  is  an  innate  principle 
as  been  difputed  j  for  though  infants  fear  pain,  yet  they 
lave  no  apprehenfion  of  death,  till  reafbn  has  fo  far 
nade  a  progrefs^  as  to  inform  diem  that  it  is  conne&cd 
vich  paic,  and  life  with  happinefs.  The  love  of  life  is* 
renerated  from  the  fcnfe  of  pleafure  refulnng  from  the 
roods  we  poffefs  in  it ;  and  this  affords  no  inconfider- 
ible  proof  that  the  good  in  the  world  overbalances  the 
:vil.  So  ftrongly,  indeed,  are  the  ideas  of  life  and 
lappinefs  affociated,  that  moft  men  would  rather 
ive  miferable,  than  not  live  at  all :  thus  again  we  fee 
hat  an  affociated  affedion  may  overcome  and  coun- 
eraft  the  natural  affeftions,  and  even  thofc  that  gave  it 
)irth. 

It  will  be  unneceffary  to  add  any4nore  in  this  place 
jfl  this  fubjeft,  or  to  endeavour  to  prove  more  at  Urge 

Hh3  the 
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fhelnfloenceof  cuftoiiu  TaaBattendveittder,  muqp 
fiifts'throujl^iout  die  ranidnder  oftfaU  woik  wiUoocor 
€0  eofifinn  it,  and  abnoft  ^  that  has  been  lidd  of  % 
ieilfe  of  beauty  derived  fiom  aflbcuKion  wiO  ^ 
pty  likewUe  to  mond  beauty*.  ^  It  b  ohferyaU^ 
thatevery  nation aad  every  age  has  a  fiifhion  in  drndL- 
ing^esNvell^tt  in  drefii  aftd  die  whole  caft  of  dunkii^ 
ndli  be  more  uniform  dia^  noea  vSofSief  luppofe.  The 
fpcMts  f^f -nations  partake  of  die  natiire  of  tbnr  Igoverfr; 
ment,  and  thetr  political  prejudices  and  interefts.  Gh- 
diators  and  mock  batdes  were  the  fikvourite  amufe- 
ments  of  the  warlike  Romsins. 

Men  love  what  is  uncommon  at  &jt>  becaufe  wiii( 
producesmental  agitation  produces  pl^ure  $  and  dKsre 
il  no- pa0ion  produces  fi>  much  mental  ij^tatien.withiQ 
thelimiis  ofpleafure  as  admiration  j  they  aft^waidt 
^pcd:  ft  renovation  of  that  plf  afure,  which  was  oolf 
die^dffe^  of  furprife;  and  oifien  the  very  ftcoDedioa 
of  that  pkafure  will  keep  alive  the  paflion. 

.^  **  In  the  reign  of  Chirles  II.  a  degree  of  licentipiiibeis  was 
deemed  the  chara£^eriftic  of  a  liberal  education.  It  was  conoededi 
atcording  to  the  notions  of  thofe  times,  with  generofity,  finceritj, 
magnanimityy  loyalty,  and  proved  that  the  perfon  who  aded  in 
this  manner,  was  a  gentleman,  and  not  a  puritan/'— Smitk's 
Th.  M.  S,  pt.  6.  f.  3. 

In  the  fame  manner  as  you  are  induced  to  love  and  imitate  what-  - 
ever  is  conneAed  with  a  pleafurable  or  beautiful  objefl,  you  will 
endeavour  to  avoid  what  is  conneded  with  pain  or  deformity. 
Hence  men  oftefi  aft  in  extremes.  Lord  Bolingbroke  averted, 
that  what  firft  gave  him  a  diftafie  to  rel;gioA»  was  the  pariianical 
feverity  in  his  own  family. 
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Chap,    XIII. 

THE    PASSIONS, 

Of  iii  Paffions  in  geniraip-^P articular  PaJJioni.'-^JIJfoeiated  Paf- 
Jums,'^  Paternal    Lovt,-^  Sympathy. "•»  Jvarice.-^  Ambition,'-^ 
Levit 

* 

IT  may  prove  of  the  highcft  importance  in  niorals 
to  analyze  the  feveral  afiedions  and  paffions. 
The  general  caufc  has  been  already  traced  .to  the  fim- 
ple  fenfe  of  pleafure  and  pain;  we  have  fccn  further 
what  it  is  that  is  called  a  fenfe  of  beauty  *  ;  and  now, 
from  the  feveral  modiBcations  and  combinations  of 
thefe,  we  fhall,  perhaps,  be  able  to  form  at  leaft  a- 
conje^re  how  other  more  complex  pailions  come  to 
be  formed. 

Love  having  been  proved  to  proceed  from  an  idea 
of  pleafure  combined  with  another  idea,  and  di/lih, 
or  hatred,  from  an  idea  of  pain  combined  in  the  fame 
rnanner ;  dejire  and  aver/ton  have  been  (hewn  to  be  no 
other  than  thefe  paflions  more  aftively  exerted.  Love 
in  the  extreme,  without  defire,  is  admiratim.  Defire, 
when  applied  to  the  gratifying  of  certain  natural  wants 
of  our  bodies,  is  called  appetite.  Joy  is  the  poflellion 
of  a  thing  loved,  a  lively  fenfe  of  prcfent  good.  Grief 
is  a  fenfe  of  difappointment,  or  good  loft.  Fear  is  the 
fenfe  of  pain,  or  averfion,  united  with  grief.     Anger 

*  Hartley  denominates  the  paflions,  **  aggregates  of  the  ideas, 
or  traces  of  the  fenfible  pleafures  and  pains."  How  they  become 
united  into  the  moft  common  affedUons  it  is  oqr  bufiaofs  to  ex« 
pjaip. 

Hh4  is 
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is  an  extreme  of  avcrfion,  united  with  a  dcfire  of  re- 
moving the  objcft.  Revenge  is  a  conrinuance  of  anger. 
Envy  is  anger  excited  through  the  defire  of  poflcffirg 
what  another  man  is  poffcffed  of.  Haired  is  the  con- 
tinuance of  envy  or  refencment.     Hope  is  a  mixture  of 

"  defire  and  joy.  Pride  is  felf-fatisfaftion,  and  is  to 
ambition  what  joy  is  to  defire.  Contemft  is  a  low  de- 
gree of  hatred  or  avcrfionj  without  any  mixture  of 
anger  or  of  envy.  Curiofity  is  defire  excited  by  the 
natural  love  of  aftion,  often  ftimiilatcd  by  appetite, 
or  quickened  hy  the  love  of  beauty.  Shame  is  ft-ar 
arifing  from  the  fecial  afF(r(5liQns  j  that  is,  a  fear  of 
having  done  fbmething  that  may  lelTcn  us  in  the  cftcem 
of  otiiers ;  it  is  the  oppofice  of  Vanity.     Dejpair  is 

,  nothing  but  an  cxcefs  of  grief.  Perhaps  the  annexed 
fcheme  may  contribute  to  elucidate  the  progrefs  of  die 
pafiions. 
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.  There  is  Scarcely  any  fuch  thing  as  a  fimple  paflion  % 
even  thofe  which  I  haee  here  fpccified  are  generally 
Gompoimded  with  each  other.  Whatever  ideas  are 
predoniinant  will  determbe  the  bent  of  the  paffiony 
much  depending  on  the  peculiar  tone  of  the  organs  at 
difierent  times.  Some  paiCons  more  eafUy  mix  thaq 
others. 

Paffions  naturally  terminate,  when  their  end  is  ac- 
compUflied.  This,  however,  does  not  happen  in  all 
cales.  It  was  remarked,  that  an  imprefTion,  as  it  n 
more  vivid,  remains  proportionably  longer  on  the  c^- 
gan  of  fenfe ;  all  the  component  fimple  parts  of  it  arc 
more  ftrongly  imprefled,  and  it  is  afibciated  with  a 
greater  number  of  ideas.  Imprc/nons  accompanied 
with  pain  or  pleafure  are  more  vivid  in  proportion  to 
tjie  degrees  of  pain  or  pleafure,  and  fuch  we  muft  re- 
member are  a)l  paflTions.  Thefe  imprefllons  and  idea9 
are  of  courfe  more  vivid  than  any  others,  of  courfc 
afibciated  with  a  greater  number  of  ideas,  all  of  which 
will  ferye  to  recall  then),  aqd  thus  a  paflion  becomes  the 
caufc  of  its  own  continuance,  and  by  this  means  in- 
fluences our  train  of  thinl^ing. 

From  what  has  been  (jtated  it  appears,  th^t  pafllons 
qre  transferable  from  one  objedl  to  another.  An  idea 
being  often  repeated  with  an  idea  which  we  love,  and 
which  of  courfe  gives  us  pleafure,  we  come  at  laft  to 
love  the  idea  which  was  at  firft  indiflfercpt.  What  is 
more  common  than  to  love  the  children  of  thofe  \yhom 
we  eftcem,  and  that  for  no  merit  or  beauty  in  the 
children  themfclves  ?  In  parental  love,  the  paflipn  is 
in  part  transferred  from  fclf  to  the  offspring.  The 
mother,  during  her  pregnancy,  ^onnedts  the  idea  of 
the  infant  in  her  womb  with  a  number  of  agreeable 
ideas,  with  pleafure  and  with  hope ;  hence  materhal 
Jqvc  is  ftronger  at  firfl.  than  paternal.    The  idea  o^ 

.  '  duty. 


I 

Ha^^  laddie  euiiqiferf  odim,.4«dd 
piffionj  aftcrwtjth  oAem,  and  the.  little^  0^  aboue 
'fhein.  It  is  obfervable,  thai  the  IbiPe  t>f  fwnai  'ii 
weak  at  firft ;  'but  4ove  rulfaea  io  bf  &de  ^aflbdaCKM. 
I»  from  a  thoufaiid  fouroea. 
.  On;this  principle  depend  ibrn^cf -die  fbtiqgpfr^ 
tions  that  fway  the  human  race.  Eveiy  deflrej  fiir  io- 
fiance,  is  attended  with  a  d^ree  of  nneafincfii  i  to  ip^ 
fhove  it»  tfaerefbrei  is  plcafurei  Now»  wheivweb-QiilDa 
percehre  certain  agreeable  confcquenocs  froai  obbm* 
ing  an  objedlj  a  dafire  of  obtaining  it  enfiies ;  ^;fai8  de- 
fire  will  be  liable  to  be  renewed^  and  will  be  Ttnewied 
finiply  as  %  defire»  without  any  retroipe&  to  the  liift 
inodves.  iTbis  is  evidently  the  paife  in  avarice,  wfaer^, 
drbpping  the  immediate  Heps  between  mcMKf  and, 
fiappineis,  men  form  a  connedtionj  ^hicb  does  by-  no 
means  naturally  and  immediately  exifti  a(id  -love  *tlie 
treafure  for  its  own  lake.  The  fame  nu|(ht  be  ^ 
ftrved  concerning  the  defire  of  knowledgej^^dig^ 
of  reading,  planting,  &c,  Thefe  were  firft  entered  on 
with  a  view  to  fome  farther  end,  but  at  length  become 
habitual  amufements ;  the  idea  of  pleafure  is  aflbciated 
with  them,  when  the  firft  reafbn  is  quite  vanUhed  out 
of  our  minds ;  nay,  we  find  this  power  of  aflbciadon  fo 
great,  as  not  only  to  tranfport  our  paflions  and  afitc- 
tions  beyond  their  juft  bounds^  both  as  x^  intenfenef$ 
and  duration,  but  alfo  to  transfer  them  to  improper 
objects,  and  fuch  as  are  of  a  quite  diflfcrcnt  nature 
from  thofc  to  which  ourreafon  hi^d  at  firft  direftcd 
thcmV* 

I  Ihall  clofc  this  (ketch  of  the  paflions  by  a  fliort 
account  of  fympathy  or  focial  affeftion,  and  aftenTards^ 

•  Preliminary  DijQferUtlon  to  Levy's  Traaflsuon  of  King's 
Prigin  of  Evil, 


by  die'hift<^  of  thofe  mdft  pqwerfiil  incentives  to  ac-> 
^on^  avaricej  ambidon,  and  thepaffion  of  love  betwceii 
die  different  fexe$. 

The  plcafures  of  fynipathy  are  generated,  ift,  bjr 
that  love  to  our  fellow* creatures^  which  is  the  cScSt  06 
jarly  obligation  •.  adly,  Becaufe  the  fight  of  arty  cn- 
joyoient  excites  in  us  the  pleafurable  ideas  of  that  en« 
joymcnt,  and  unlefs  envy  interferes,  thefe  will  ever  have 
fhcir  due  effeft.  Thefe  feelings  arc  increafed  by  the' 
praife  that  is  beftowed  on  bcnevolcncCj  &c.  and  the' 
hope  of  reward  in  another  life.  Symparfiy  in  the  mis- 
fortunes of  others  has  a  douMe  efFcft ;  when  beiheld  at' 
a  diftance,  as  in  theatrical  reprefentations,  I  believe 
moft  men  find  fomething  rather  pleafing  than  otherwile 
in  them,  and  this  arifes  from  the  pleafure  that  attends 
moderate  emotion,  even  though  derived  fi^om  a  painfiil 
fource.  In  perfons  of  very  delicate  fenfations,  tfaa 
afie^on  often  degenerates  into  aAual  pain ;  and  011 
beholding  real  woe,  it  is  fuch  to  all  who  retain  the 
common  charadleriftics  of  humanity.  Companion,  or 
the  defirc  of  relieving  diftrefs,  is  no  other  than  a  wi(h 
of  removing  pain.  The  fight  of  a  wound  excites  im- 
mediately ideas  of  pain  in  our  minds,  and  we  feel  a  fen- 
fation  of  the  fame  nature  (though  weaker)  according 
to  our  memory  of  fimilar  pains,  or,  as  we  by  dcfcrip- 
tion  judge  of  them,  from  the  pains  that  we  really  have 
felt.  To  relieve  diftrefs,  therefore,  is  a£bually  taking  cfflT 
pain  from  ourfel ves ;  to  the  aft  of  relieving  we  give  the 
name  generofity,  1  he  idea  bf  the  pleafure  is  afterwards 
excited  by  hearing  of  an  aft  of  generofity,  nay,  is  afifo- 

*  Thefocial  pleafures  andaffeAions  inay«  ^  Dr.  Hartley  ob- 
ferves,  be  much  indebted  for  thetr  increafe  to  the  plcafures  of  the 
palate.  Since  it  has  been  cudomary  in  all  ages  to  (atisfy  our  ap* 
pecites  in  the  company  of  our  neareft  cox^nedioAs,  the  icle^  of 
pleafure  will  become  combined  *with  thenu 

ciated 
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dated  with  the  vefy  word  itfel^  the  mentioQ  of  whicb, 
I  believe,  in  iQoft  people*  excites  a  grstciiil  icnfiuioa. 
By  thefe  means,  the  virtue  of  fympathy^  msjr  be  cod- 
fiaiitly  sQaintwiedj  and  every  anui^fe  pafiwn  cbe- 
llfticd.  9     ^  •     . 

It  has  been  already  mtimat^  vheqce  the  paffion  qi 
avarice  derives  its  origin.  The  natural  wan^  pf  man, 
k  is  true*  are  very  few ;  yet  in  the  prefent  ilaQe  of  dst^ 
ciety,  (hefe  wants  arc  not  to  .be  fuppliqd  jvithout  Ibme 
cjcertions  on  our  own  parts.  The  firft  defign,  then,  of 
humati  beings,  is,  to  acquire  fuch  a  competence  >p  will 
iatisiy  the  calls  of  nature.  But  obferve  what  habit 
does.  By  a  condnued  pur(uir,  we  grow  eager  in  the 
cha^  \  the  ^rft  objcdl  is  loft  fight  of;  we  annex,  the 
idea  of  pleafur^  to  the  ipeans  or  the  inftruments*  and 
i^ncy  riches  to  have  fomething  in  themfelves  dcfirable. 
A  paffion  different  from  the  firft  is  now  generated  i  one 
man's  example  imparts  frefh  vigour  to  another^  and 
the  cfid  of  life  is  forgotten  in  the  ardour  of  an  innagi- 
nary  purfuit  *.  When  the  idea  of  pleafure  is  once  trans- 
ferred thus  to  the  inftrument, 'we  fee  k  child  prefer  a 
piece  of  money  to  many  aftual  gratificadons  that  might 
be  enjoyed  immediately/  1  knew  a  covetoQs  man,  who 
hired  a  very  uncomfortable  large  houfe,  a  third  part  of 
^hich  he  did  not  inhabit,  becaufe  he  thought  it  a  good 
bargain  to  procure  an  houfe  of  that  (ize  at  the  fame 
rate  as  a  fmallcr.  The  fame  man  left  a  plealant  form 
and  a  good  eftate,  and  bought  a  commiflTion  in  thearmy, 
purely  becaufe  he  could  procure  it  at  a  cbe^  rate. 

*'  Avaripe  is  checked,  ill.  By  the  (trong  defires  of 
young  perfons,  and  others,  after  particular  gradfications. 
adly.  By  confidering  the  infignificance  of  riches  ip 
i^arding  off  death  and  dife^fes,  alfo  fhame  and  con- 

•  •'  Bt  propter  vitam,  vivcndi  perderc  caufiu."— Jur. 
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tempt  in  many  cafes ;  and  in  obtaining  the  plc^fures 
of  friendlhip,  religion,  &c.  3diy,  By  the  eager  purfuit 
of  any  particular  end,  as  learning,  fame,  &c*."  We 
may  obferve,  that  avarice  is  only  the  paflion  of  little 
minds,  and  will  be  chiefly  predominant  in  uncultivated 
perfons,  whofc  attention  cannot  be  drawn  from  it  by 
nobler  purfuits;  and  in  old  people,  whofe  fenfual 
paflions  are  decayed. 

Ambition  fcems  to  be  founded,  ift,  On  the  hatred 
or  averfion  to  poverty,  and  all  its  concomitant  difad-* 
vantages  and  inconveniencies.  adly.  On  the  experi- 
ence that  we  are  indebted  to  our  fellow-creatures* for 
many  conveniencies  of  life  j  and  from  the  habit  gene- 
rated even  in  children,  of  endeavouring  to  pleafethem, 
in  order  to  obtain  many  objefts  of  pleafure  to  our 
fcnfes.  jdly,  Many  of  the  conftituents  of  natural  and 
artificial  beauty  are  pofleflcd  by  thofe  in  high  ftations, 
we  therefore  annex  pleafurable  ideas  to  thofe  ftations, 
and  love  them  on  that  account.  4th]y,  Cuftom,  and 
the  words  ufual  in  commendation,  being  applied  to 
fuch  perfons,  increafe  the  paflion. 

Ambition  will  take  a  diflFcrent  courfe,  accortling  to 
the  difpoGtion  or  caft  of  thinking  in  different  perfons. 
Thus  if  a  man  is  habitually  fenfual,  his  ambition  will 
dill  have  an  inclination  towards  what  may  gratify  his 
appetites.  One  man,  perhaps,  from  education  or  ex- 
ample, has  acquired  a  habit  of  admiring  fine  cloaths ; 
another,  from  natural  timidity,  avoids  fhame  and  po- 
verty. Commonwealths  promote  ambition  of  a  dif- 
ferent kind  from  that  which  is  prevalent  in  monarchy. 
Ambition  takes  a  different  courfe,  according  to  the 
time  of  life.  It  is  to  be  remarked,  that  the  primary 
conftituents  of  this  paflion  (as  indeed  in  all  others) 
will  be  obfcured  fometimes  by  the  alTociatcd  afFedions* 

I  Hartley,  prop.  4$. 

The 
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The  praifc  bcftowcd  on  the  heads  of  c^rtAm  fefts 
of  pbilofophers>  led  many  nien  to  defpife  the  natund 
objects  of  ambition^  riches  and  {x>nDp;  and  th<i 
natural  didike  to  poverty  and  dirt  was  fubdued  and 
forgotten. 

The  palfion  of  love  (and  efpecially  between  refined 
perfons)  is  of  a  very  complex  nature,  and  far  removed 
from  the  fenfual  appetite,  with  which  it  is-  fometimes 
even  very  (lightly  connedted.  It  is  a  well  known  &ft, 
that  an  accomplifhed  woman  of  forturiC  and  fkmily 
eloped  fome  years  ago  with  an  Italian  elinuchi  whooi 
flie  married  for  love.  The  truth  is,  that  befides  the 
appetite,  the  focial  paflion,  as  before  explained,  and 
this,  heightened  by  the  protcftion  a  weaker  perfon 
iecms  to  claim  from  us ;  the  fenfe  of  beauty ;  admi- 
ration of  particular  accomplifhments ;  the  rcfpeft  due 
to  high  birth  or  fortune ;  the  commendation  of  odien> 
and  habit,  in  many  refpeds  concur  more  or  lefs  to  form 
the  pa(rion4 

Men  of  the  world  are  all  of  them  fenfiblc  what 
fuccefs  may  be  derived  from  a  pleafurable  ftate  of 
mind,  in  which  the  objcft,  whom  they  wifh  to  plcafc, 
may'happcn  to  be.  On  this  account  they  ftudioufly 
mingle  in  all  the  pleafures  and  amufements,  of  what- 
ever kind,  in  which  that  perfon  is  found  to  delight* 
It  is  a  maxim  of  Lord  Chefterfidd,  "  Make  a  perfon 
in  love  with  themfelves,  and  they  are  certain  to  love 
you  in  return  *.'*  The  pleafure  of  receiving  gifts  is 
direftly  connected  with  the  object  that  beftows  them ; 
where  prefents  cannot  be  made,  praife  and  commenda- 
tion are  the  ordinary  means,  and  if  their  finccrity  is 

•  One  of  our  comic  writers  prcfcribes,  that  a  man  mail  firft 
feuke  a  woman  a  friend  before  he  ventures  to  appear  as  a  lover. 

not 
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not  doubted,  feldom*  fail  of  fuccefs.    I  queftion  not^ 
but  it  might  almoft  fecure  the  fuit  of  a  lover  to  be  the 
meflenger  of  fomc  very  agreeable  piece  of  intelligence 
to  his  miflrefs.     Pleafurable  ideas,  we  know,  are  natu«- 
rally  connected  with   perfonal  beauty,  riches,  high 
birth,  gireat  qualities,  or  fame.     Some  impoftors^-un-  * 
der  the  made  of  being  perfons  of  rank,  have  infinuated 
themfelves  into  the  good  graces  of  females ;  nor  could 
the  diiagreeable  ideas  naturally  annexed  to  hlfhopd- 
and  deception,  afterwards  vanquifh  the  attachment* 
In  fine,  if  by  any  means  a  man  can  become  the  ^ffo^ 
ciate  of  agreeable,  ideas,  on"  the  principles  every  where 
proved,  1  think,  throughout  this  book,  he  may  fbon 
hope  to  obtain  a  part  in  the  afFeftions  of  his  miflrefs ; 
and  this  may  ferve  to  account,  in  fome  meafure,  fyr 
the  many  whimfical  conne6tions  we  are  every  day  wic- 
nefies  of.    . 

"  When  Mifs  delights  in  her  fpionety 
*'  A  fidier.  may  a  fortonc  get ; 
''  A.  blockhead  with  melodious  voice^ 
%        "  In  boarding  fchoob  may  have  his  choice } 
**  And  oft  the  dancing  maker's  art 
^  Climbs  from  the  toe  to  touch  the  heart;  : 
*'  In  learning  let  a  nymph  delight« 
••  The  pedant  gets  a  millrefs  by't  •." 


There  is  no  greater  miflake,  than  that  the  worU  is 
governed  by  motives  of  interefl.  Cool  felf-inter«(l^ 
afts  in  very  few  inftances.  Where  mankind  arc  noc 
fwayed  by  the  natural  affeftions,  that  is,  by  thofe  ideaft 
with  which  pleafure  is  naturally  connefted,  they  arc 
generally  determined  by  fome  prejudice,  that  is^  an 
idea  widi  which  pleafure  or  pain  is  fiintaftically  come 
bined 

^  Cadenut  and  Yaneflau 

There 
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There  is,  perhaps,  no  palTion  fo  improvable  by  affa- 
ctarion  as  love  -,  x:  is  connefted  with  rnuy  ideas  that 
tend  to  refir.e,  fofcen,  and  devate  the  Ibiil,  and  to  in- 
creat'c  the  pafHon  under  the  appearance  of  increaiing 
prcfcnt  pleaf jre.  \Vc  are  not  to  wonder,  therefore,- 
chat  it  has  provrd  fo  copious  a  iTieans  of  playing  with 
our  fcf  lin  rs  in  poetical  and  draniatic  compolitions. 
To  feci  and  fympatiiizr  with  ambklon  wc  muft  be 
particuhrly  circ*jmftanced,  and  then  our  thoughts  arc 
generally  too  ftrongly  bent  on  thcpurfuit  to  attend  to 
imagination.  Ambition  is  an  adive,  k>vc  a  fedentaiy 
pafTion. 

Some  conclufions  in  favour  of  the  prafticability  of 
virtue  will  enfue  from  the  preceding  principles.  In  the 
firft  place,  much  of  the  government  of  the  paflions 
will  hence  appear  to  be  in  our  own  power,  by  avoids 
ing  pernicious  afibciations,  and  by  early  care  i  hehee 
wc  may  learn  how  to  reftrain  the  enthufiafin  of  avarice 
and  ambition,  by  tracing  them  to  their  fource.  Irt 
our  choice  of  friends  and  books  alfo,  we  may  learn  to 
be  cautious  to  avoid  thofe  from  which  ill  habits  or  pre- 
judices may  be  Jcrivcd  ;  we  may  be  inftrucled  further  to 
be  aware  of  the  effecls  of  cuflom  in  acquiring  a  fondncfs 
for  trifles,  and  efpecially  for  gaming,  and  other  unna- 
tural propenfities  ;  we  may  learn  to  dircdl  our  affcftions 
to  proper  objects,  to  alloclate  the  plcafing  with  the  ufc- 
ful,  or,  by  force  of  reafon  and  refoluiion,  to  difentangle 
thofe  improper  combinations  which  we  may  have 
formed.  This,  indeed,  fecms  to  be  the  great  ufe  of 
reafon  and  fcience,  viz.  to  enable  us  to  purfue  and  un- 
ravel the  chain  of  aflfociiKtions,  which  our  affections  may 
have  extended,  and  to  difcern  plainly  the  littlenejs  of  die 
common  and  ruling  paflions  of  mankind. 
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Chap.  XIV. 


Oe     REASONING  •. 

i9g,'^1VraHg  Dataj-^FUaJurts  pf  Reafiming* 

■ 

REASONING  may  be  dcBned  a  chain  of  judg* 
ments,  following  and  depending  upon  one  another> 
i>7  which  fome  general  conclufion  is  attempted  f  ^ 

The  defign  of  this  chapter  will  principally  be  to 
adiibit  fome  detached  obfervations^  fuch  as  may  fup« 
ply  us  with  a  few  cautions  againft  the  moft  common 
lefefts  in  reafoning^  which  will  be  found  in  general  to 
lepend  upon  a  £dfe  or  unnatural  aflbciation  of  ideas, 
rhus^  repeated  obfervation  of  the  proper  and  ufual 
-elations  of  things  produces  a  prefumption  in  the  mind, 
hat  thofe  which  are  accidental  may  be  equally  well 
ounded ;  and  this  appears  to  be  the  undoubted  caule 
>f  what  is  called  prejudice. 

When  the  train  of  ideas  flows  in  its  natural  courier 
hat  isj  according  to  the  true  relations  of  things>  then 

^  With  this  chapter  the  third  diTifion^or  the  nufceUaneouspart 
f  this  book,  conunences. 

t  ^  Senfe  and  meinoiy  are  but  knowledge  of  fad,  which  is  a 
hin^  paft  and  irrevDcahle ;  fcience  is  the  knowledge  of  confe- 
[uencet,  and  the  dependence  of  one  fad  upon  another*  by  which, 
mt  of  what  we  can  prefently  do,  we  know  how  to  do  fome- 
hing  elfe  when  we  will  or  the  like  another  time/*— Hobbet 
Leriath.  pt.  i.  c.  5- 
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of  imtuttng  his  perfcAions ;  but  if>  &om  perronif]>Jng 
die  deity  *,  men  ftiall  once  give  room  to  conceive  of 
him  as  having  parts  and  pafTions,  &ncy  will  foon  be 
fportive  on  the  occafion,  and  the  amours  of  Jove,  and 
the  contentions  of  the  Gods,  will  became  a  part  of 
the  popular  religion.  What  effeft  fuch  an  error  mult 
have  on  morals  is  obvious.  While  furrounded  with 
the  bounties  and  mercies  of  God,  we  can  never  alto- 
gether lofe  the  idea  of  hu  goodnefs ;  if,  therefore,  to 
^  admiration  of  the  deity,  the  idea  of  vice  or  pallion 
Ihould  be  annexed,  thefe  will  lofe  their  deformity,  and,  - 
however  contrary  to  men's  better  judgments,  luch  vices 
may  even  be  held  in  efteem. 

Some  refpc^ble  writers  have  endeavoured  to  make 
a  diftinftion  between  reafon  and  what  they  call  com- 
mon-fenfe.  But,  perhaps,  all  titat  can  be  fairly  alTcrted 
is,  that  fome  propofitions  are  more  nearly  connefted 
with  fenfiblc  impreflions  than  others,  and  therefore 
'  the  train  of  reafoning  is  lc(s  liable  to  be  diverted  into 
a  wrong  conclufion,  than  in  abftrufe  fpcculations,  or 
thofe  which  arc  hr  removed  from  being  objcds  of 
the  fenfes,  where  the  variety  of  aflbciations  affords  a  _ 
greater  fcope  for  error.  Thus,  "  that  things  equal  to 
jone  and  the  lame  thing  are  equal  to  one  another ;" 
"  that  nothing  material  exifts  without  a  caufe;"  "  that 
therefore,  this  world  has  a  firft  cauie,'-'  and  fuch  like, 

"  Becaafe  mt  can  Iitive  do  diftinfi  ideas,  bat  tliole  combinationt 
which  we  fonn  of  fenfible  unpreSont)  m^itkind  have  in  xll  >get 
been  inclined  to  perlbnify  the  inviGoIe  firft  caule  of  the  univerfe, 
for  the  Iklce  of  tuning  a  diJUnA  idea  of  lum ;  and  ai  tlic  hoinaii 
form  if  the  moft  IkAiliar  to  them,  as  well  ai  the  mbft  hiAKHirable, 
fhc/have  generally  adopted  that.  Thii  deception  of  our  nature 
perfcvcred  in,  hai  led  them  to  affign  him  appetitei,  paffions,  ttc, 
the  fame  with  the  evil  principle,  and  hence  the  origin  of  all  fnper- 
AilWBf—SeB  ^yt  MUlwical  and  Monl. 
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arc  propofirions  immediately  conncfted  wirfi  experience, 
and  therefore  admitted  without  hefitarion.  That  the 
angles  of  a  triangle  are  equal  to  two  right  angles, 
is  a  truth  no  Icfs  certain,  but  cannot  be  demonftrated 
Without  a  confiderable  train  of  realbning.  This  re- 
mark will  apply  to  many  difputes  in  morals,  theology, 
&c.  Thofefafts  which  lie  nearefl  the^teftimony  of  our 
lenies  will  meet  the  eafieft  reception. 

I  have  called  reafoning  the  arithmetic  of  words,  ia 
which  falfc  conclufions  may  be  drawn,  cither  from 
wrong  data,  or  from  an  error  in  the  operation.  It  will 
follow,  that  the  conclufions  of  our  reafon,  and  our 
immediate  feelings,  may  be  fometimes  at  variance- 
It  is  common  to  fay,  *^  I  feel  confuted,  but  not  cod- 
vinced  /'  that  is,  on  fome  former  occalions,  by  com- 
mon experience,  you  have  united  certain  confequences 
with  certain  things  or  adions ;  and  another  perfon,  by 
a  certain  chain  of  realbning,  fome  one  ftep  of  which 
may  be  falfe,  but  to  which  you  have  not  attended 
clofely  enough  to  detcft  the  error,  now  exhibits  a  dif- 
ferent concluGon.  Paffion  icfelf  will  often  play  die 
part  of  the  fophift,  and  determine  men  to  a6k  in  con- 
trad  iiflion  to  a  concluflon  founded  on  common  ex* 
pcricnce  *  :  "  Video  mcliora,  proboque,  decerioia  fe- 
quor." 

Errors  moft  frequently  happen  in  what  is  called  rea- 
ibning  by  analogy.  Analogical  reafoning  is  grounded 
on  the  refcmbling  parts  of  complex  ideas,  and  as  long 

•  As  boviily  pain  is  an  unaftial  flatr,  and  can  never  be  entirely 
forgotten,  however  engaged  the  perfon  may  be,  but  will  of  couHe 
awaken  the  attention  frequently  to  fuch  objecb  and  ideas  as  are 
connected  with  it;  fo  a  pailion,  being  an  unufaai  fiate  of  mind, 
fomething  analogous  to  the  fuffering  of  the  body,  will  frequently 
awake  it  from  other  purfttits,  and  turn  it  to  thofc  ideas  whick  aic 
.■cosneded  with  it. 

as 
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as  wc  are  careful  to  note  the  proportion^  of  thofc  re- 
fembling  parts,  and  how  far  in  each  of  the  compared 
ideas  they  may  be  conncfted  with,  and  influenced  by 
others,  it  will  generally  prove  a  fafe  method  of  reafon- 
ing ;  but  as  the  afibciations  are  not  near  for  ftrong  in 
this  relation,  as  in  that  of  caufe  and  effect,  as  the  rela- 
tion is  more  complex  and  more  removed  from  com- 
mon experience,  this  mode  of  reafoning  will  more  fi-e- 
quently  deceive  us.  Thus,  "  if  we  argue  from  the  ufe 
and  afbion  of  the  (lomach  in  one  animal  to  thoie  in 
another,  fuppofed  to  be  unknown,  there  will  be  a  pro^ 
bable  hazard  of  being  miftaken,  proportional  in  ge- 
neral to  the  known  diSerence  of  the  two  animals,  as 
well  as  a  probable  evidence  for  the  truth  of  part,  at 
lead:,  of  what  is  advanced,  proportional  to  the  general 
refemblance  of  the  two  aninnals ;  but  if,  on  examina* 
tion,  the  ftomach,  way  of  feeding,  &c.  of  the  fecond 
animal  fhduld  be  found,  to  fenfe,  the  fame  as  in  the 
firft,  the  Analogy  might  be  confidered  as  an  induftion, 
properly  (b  called,  at  leafl  as  approaching  to  it*.'* 

Reafoning  may  iikewife  be  defeflive  and  falie,  from 
accepting  an  axiom  or  conclufian  drawn  from  a  for- 
mer judgment  as  an  intuitive  principle,  or  from  an  im-* 
perfedt  or  partial  view  of  the  fubj'*6l,  and  from  what 
has  been  (aid  of  cuflom,  it  is  evident  that  it  may  have  a 
great  influence  over  our  reafoning.     Since  ideas  by  re- 

^  ''  It  is  often  in  oar  power  to  obtain  an  analogy  where  we 
carnot  have  an  indudlion,  in  which  cafe  reafoning  trom  analogy 
oaght  to  be  admitted  ;  however,  with  all  that  uncertainty  which 
©roperly  belongs  to  it." — Hartley  on  Man,  Prop.  39. 

**  The  analogous  natures  of  all  the  things  about  us  are  a  great 
affiftance  in  decyphering  their  properties,  powers,  laws,  &c.  inaf- 
much  2l%  what  is  minute  or  obfcure  in  one  may  be  explained  and 
illuftrated  by  the  analogous  paiticular  in  another,  where  it  is  large 
and  clear ;  and  thus  all  things  become  comments  OD  each  other  in 
an  endlefs  reciprocation*"— Kanley,  Prop.  39. 
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petition  become  more  vivid,  and  acquire  more  force 
if  afTociated  with  plcafurable  fenfations,  it  follows  that 
it  will  require  much  force  to  overcome  this  flavery, 
which  tlje  mind  fabricates  for  itfclf,  and  that  no  Icfi 
than  demonftration  from  an  a&ual  appeal  to  the  fenfesn 
or  from  acknowledged  principles,  will  be  able  to  undo 

itf. 

The  pleafures  of  fuccefsful  reafoning  refult,  ift. 
From  the  aftion  it  gives  to  the  mind  5  2dly,  From  the 
pleafure  conneftcd  with  the  end  we  propofc  to  ourfelvcs 
from  thcinvcftigation.  In  faft  there  is  a  pleafure  attendant 
on  the  accomplilhment  of  every  end  or  defign;  for  as 
all  the  firft  aftions  of  men  have  a  tendency  to  the  gra* 
tification  of  their  appetites^  and  the  fulfilling  of  this 
defign  has  ever  been  attended  with  agreeable  fenfa- 
tions,  we  cxpi?ft  the  fame  on  the  accamplifhmcnt  of 
every  intention  or  aftion  whatever, 

f  The  following  may  be  taken  as  a  general  abArad  of  the 

nioft  common  fallacies  which  occur  in  reafoning. 

I  ft.  Tiiking  an  accidental  conjundion  of  things  for  a  neceflary 
connedion;  as  when  from  an  accident  wc  infer  a  property;  when  from 
an  example  we  infer  a  rule  ;  when  from  a  fingle  a6l  we  infer  a  habit, 
ad.  Taking  that  abfolutely,  which  ought  to  be  uken  compara- 
tively, or  with  certain  limitations.  The  conftru(flion  of  language 
often  leads  into  this  fallaty ;  for  in  all  languages  it  is  common  10 
ufe  abfolute  or  general  terms,  to  fignify  things  which  carry  in 
them  fome  fecret  comparifon  ;  or  to  ufe  unlimited  terms  to  fignify 
what,  from  its  nature,  mull  be  limited.  3d,  Taking  for  the  caufc 
an  occafion  or  concomitant,  4th,  Begging  the  queftion  /.  e,  a/fuming 
the  thing  to  be  proved  from  the  premifes.  5th,  Millaking  the 
cjueftion.  When  the  conclufion  of  the  fyllogifm  is  not  the  thing 
that  ought  to  be  proved,  bat  fomething  elfe  that  is  miilaken  for  it. 
6th,  When  the  confequencc  is  miftaken  ;  as  if,  becaufc  all  Afri- 
cans are  black,  it  was  taken  for  granted  that  all  bhcks  were  Afri- 
cans. 7th,  Proportions  that  arc  complex,  often  imply  two  affirma- 
tions, whereof  one  may  be  true  and  the  other  falfe ;  as  when  it 
is  affirmed,  that/uch  a  man  has  left  off  playing  the  /W— if  granted 
it  implies  that  he  has  played  the  fool ;  if  denied|  feems  to  imply^ 
that  he  does  foflilU 
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Chap.     XV. 


OF    THE    FINE    ARTS. 

Miffic.'^Painting.^Poetry^ — Wit. 

THE  chief  fourccs  qf  pkafure  in  works  of  art 
arc,  ift.  As  far  as  they  contain  of  the  primary 
CQn(licuents  of  beauty,  ^d,  Refemblance  to  thinga 
which  have  pleafed  in  our  former  life.  3d,  Utilityt 
4th,  A  fenfc  of  the  ingenuity  required.  5th,  Fafhbot 
and  a  deference  to  the  opinion  of  others. 

Mufic  is  agreeable,  I  might  alnioft  fay  entirely,  from 
the  combinations  of  notes  naturally  agreeable,  or  from 
die  proper  contraft  of  thefe  notes ;  from  the  variety  of 
emotions  produced  by  thefe  combinations,  and  from 
thefe  emotions  being  judicioufly  pontrafted ;  and  I  fup* 
pofe  good  compofers,  whether  acquainted  or  not  with 
this  general  theory,  have  recourfe  to  thefe  principles  *. 
Very  litde  of  the  pleafure  of  mufic  has  any  relation 
to  the  gratification  of  appetite,  or  is  at  all  afipciated 
pleafure.  Indeed,  the  remembrance  of  certain  founds, 
which  may  have  been  combmed  with  other  ideas  of 
anions  or  paf&ons,  may,  by  recolle£bion,  be  productive 
of  aflbciated  pleafure^  as  well  as  of  various  emo- 
tions t* 

*  It  is  worth  confideration,  whether  the  agreeable  foandj  are 
not  the  nioft  frequent^  and  the  diflbnant  the  xnoft  uncoinmoii,  &c« 
Thofe  foands  and  combinations  of  (bunds  which  refcmble  the 
human  voice  mays  perhaps,  b/  aflbctation,  give^e  to  the  agreea- 
ble of  mufic. 

t  See  Dryden^s  Ode  to  St.  Cecilia. 
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Painting  derives  its  chief  power  of  pleafing  from  die 
happy  imitation  of  objeAs  that  have  the  power  of  re- 
newing agreeable  fenfati^  ns  5  yet  here  much  depends 
on  a  judicious  ufc  and  difp-fuion  of  the  primary  ele- 
ments of  beiuty :  lively  colours,  proper  contrafb,  the 
waving  line^  are  always  attended  to  by  excellent 
painters. 

Poetry  depends  little  on  the  priaiary  ingredients  of 
beauty  or  pleafure,  except  in  what  refpcdls  the  meafure 
of  the  verft ;  and  one  reafon  for  the  pleafure  of  verfc 
I  apprehend  to  be,  the  agitation  occafioned  by  renew- 
ing ideas  and  fcnlations,  fuch  being  the  return  of 
founds,  and  this  efpecially  when  properly  enlivened 
with  new  ones.  Perhaps  in  dcfcriptive  poetry  die 
beauties  of  contraft  may  be  proper  to  be  attended  to ; 
thus  it  fteals  fome  of  the  beauties  of  both  mufic  and 
painting ;  but  its  chief  power  over  the  mind  is  derived 
from  the  aflbciated  or  faftitious  fcfnfe  of  pleafure,  and 
from  a  reprefentation  of  thofe  objefts  which,  by  inter- 
cfting  the  paffions,  produce  mental  emotion.  It  is  re- 
marked, that  imperfcft  charaders  are  moll  agreeable 
in  poetry ;  the  reafons  I  fufpeft  to  be  thefe .  ift,  Bccaufe 
we  find  in  them  a  pifturc  of  ourfelves,  and  often  a  fort 
of  excufe  for  our  own  frailties,  idly,  Becaufe  there 
is  more  of  the  fublime  in  occafional  failles  of  vice  or 
paffion,  than  in  uniform  goodnefs.  jdly,  Becaufe  of 
the  contrail  between  the  good  and  bad  parts  of  the 
charafter,  the  latter  really  fetting  off  and  making  more 
confpicuous  the  former.  I  have  already  mentioned  the 
pleafure  of  figurative  language,  refultingfrom  the  va- 
riety of  thought  and  emotion  introduced  by  the  two 
trains  of  ideas  * ;  and  it  is  remarkable  that,  "  when  figu- 
rative 

•  *<  Though  the  mcuphor  began  in  poverty  (of  language)  it 

did 
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rative  words  have  recurred  fo  often  as  to  excite  the 
lecondary  idea  inftancaneoufly,  they  loie  their  peculiaf 
beauty  and  force  */'  It  is  a  miftake,  when  cridcs  tell 
us  that  florid  language  is  not  the  language  of  paflion  i 
experience  amply  convinces  us  of  the  contrary.  The 
truth  is,  that  forrow,  refcncment,  or  any  violent  pafl[ioii 
(provided  the  reafbn  is  not  injured)  renders  the  mind 
more  aftive,  and  though  it  never  wanders  very  far 
from  the  fubjed,  yet  it  indulges  itfelf  in  many  excur- 
lions,  dill  recurring  to  its  origin. 

The  fame  qualities,  but  diflfering  in  the  degree,  arc 
required  to  form  both  the  poet  and  the  bratorj  in  the 
latter  more  folidity  is  wanted.  An  oration,  if  com* 
pofed  like  a  poem,  would  be  too  florid  and  defultory« 
Quindtilian  points  out  the  (irft  qualiflcation  of  an  ora« 
tor  to  be  a  good  man :  thii,  above  every  other  circum- 
ilance,  predifpofes  the  hearers  in  his  favour ;  befldes» 
it  fuppofes  him  more  intimately  acquainted  with  the 
nature  of  virtue,  and  abler  to  (peak  in  its  &vour  with 
force  and  energy. 

Wit  is  the  calling  together  two  or  more  diflTering 
ideas  by  fome  nice  and  uncxpeftcd  connexion,  rela- 
tion, or  correfpondence.  The  pleafure  of  wit  con* 
fifls,  ift,  In  furprife.  idly,  In  the  agitation  produced 
by  vai  iety,  and  the  diflfercnt  trains  of  thought,     jdly, 

did  not  end  there.  When  the  analogy  was  jaft  (and  this  often 
happened)  there  was  fomething  pecaltarly  pleafing  in  what  was 
both  new  and  yet  familiar,  fo  that  the  metaphor  was  then  cnlti* 
vatedy  not  out  of  neceflity,  bat  for  ornament  Tis  thos  that 
cloaths  were  firll  aiTumed  to  defend  os  againft  the  cold,  bot  came 
afterwards  to  be  worn  for  difUndion  and  decoration."—- Harm's 
Philological  Enquiries. 
•  Hartley,  prop.  46, 

u 


499  Eloqutnce  and  Wk.  [Pook  X, 

In  fercral  agreeable  ideas^  which  mull  be  of  cour& 
recalled*. 

*  ••  The  fame  kind  of  contrafls  atid  co^ncidefices,  which  in 
)ovf  and  comic  things  would  be  wit  and  humour,  become  the  hril. 
Kant  paiTages  that  affe£l  and  Hrike  us  moll  in*  grave  poetry." 
—Hartley. 

*'  Omnia  »o(lra,  dum  nafcuntur,  placeot."— Quint.  I.  x.  c.  3. 
The  a^ion  of  the  mind  in  forming  any  woik  is  plea&ng ;  and  eVen 
if  it  is  fuch  as  carried  with  it  a  good  deal  cf  labour  an4  confe. 
Qucntly  fome  pain,  we  feel  joy  on  perfecting  IL 


Chap,  1 6.]  [    491     ] 


Chap.     XVL 


OF     MORAL3. 

V 


U/c  of  the  DoBrine  cf  AJJhciation  in  Morals, ^JTwo  ne$riis  of  JIA- 
rah.^'^A  Moral  Stnfe^^-Tht  Argununts  againfi  a  Moral  ^enJk.'^A 
ftrtmg  Argummt  for  Di^vme  Rivilation* 


THE  principal  ufe  of  the  doftrinc  of  aflbciationi 
when  applied  to  morals,  will  be,  to  induce  us 
to  reflect  how  little  of  our  happinefs  depends  immedi- 
ately on  fenfual  enjoyments,  and  how  we  may  en- 
large and  improve  our  lot  of  pleafure,  by  cultivating 
thofe  intelleftual  delights,  which  neither  injure  our 
health  nor  reputation,  and  yet  are  replete  with  the 
jnofl:  cxquifite  delight. 

Another  point  which  this  doflrine  tends  to  eftablifb^ 
may,  I  think,  be  made  of  advantage  to  mankind,  viz. 
that  what  is  naturally  good  or  ill  in  a  temper  depencjs 
on  a  few  principles,  which  may  be  in  a  great  meafure 
countera6led  by  other  ideas  and  aiTociations  fuffii- 
ciently  grounded  and  enforced.  Hence  it  follows^ 
that  we  may  be  in  a  confiderable  degree  the  framers 
of  our  own  difpofitions  *i  and  inafmuch  as  reafbn  muft 
be  our  guide  in  morals,  civilization  is  eminently  of  ufe 

*  Difpofition  is  a  general  term,  implying  the  bent  or  general 
di region  of  the  mind.  Tfaas  we  fay,  an  angry  difpofition,  &C. 
or,  ttftinefs  is  a  difpoiition  to  be  angry. 

ft) 
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to  fociety,  the  grear  advantage  of  which  (eetns  to  con* 
fift  in  the  increafe  of  intelle£bual  pleafurc  •. 

Among  moral  writers,  two  theories,  materially  dif- 
ferent, have  long  exifted,  refpefting  the  nature  of  our 
fentiments  of  virtue  and  vice.  Our  love  of  die 
former,  and  deteftation  of  the  latter,  is  by  the  one 
party  aflerted  to  be  an  inftindive  principle,  indepen- 
dent of  knowledge,  or  of  former  ideas  admitted  by 
tlie  five  fenfes ;  aiid  by  the  other,  to  be  nothing  more 
than  the  refult  of  experience  or  information. 

For  the  firft  of  thefc  hypothefes,  the  argunients 
are  many  and  forcible,  ift.  There  arc,  it  is  obferved^ 
in  all  languages,  words  equivalent  to  duty  and  in- 
tered,  which  men  have  conftantly  diftinguifhed  in  their 
figniHcation.  2d,  The  emotions  which  are  produced 
by  the  contemplation  of  what  is  right  and  wrong  in 
conduct,  are  different  from  thoie  which  are  produced 
by  a  calm  regard  to  our  own  happinefs ;  lb  much  io, 
that  we  judge  extremely  differently  of  the  conduft  of 
other  men,  and  of  ourfclves  in  the  fame  circumftanccs. 
3d,  The  fcntiment  of  approbation  or  difguft  which  is 
excited  by  any  aftion  is  inftantaneous,  ahd  not  the  effeft 

•  "  It  is  of  the  atmoft  confequencc  to  morality  and  religion, 
ttiat  the  affedions  and  pafllons  (hould  be  analyzed  into  their  fimple 

compounding  parts,  by  tracing  the  fleps  of  the  aflbciations  which 
concur  to  form  them ;  for  thus  we  may  learn  haw  to  cheriih  and 
improve  good  ones,  check  and  root  out  fuch  as  are  mifchievoos 
and  immoral,  and  how  to  fuit  our  manner  of  life,  in  fome  tole- 
rable meafurc,  to  our  intelledtual  and  religious  wants."  &c. 
"  The  world  is,  ind«ed,  fufficiently  (locked  with  general  precepts 
for  this  purpofe ;  and  whoever  will  follow  thefe  faithfully,  may 
cxpeft  good  fuccefs.  However,  thedoftrine  of  aflbciation,  when 
traced  up  to  the  firfl  rudiments  of  underdanding  and  aifedion, 
unfolds  fuch  a  fccne  as  cannot  fail  both  to  inflru^  and  alarm  all 
fuch  as  h.ive  any  degree  of  interefted  concern  for  themfelves,  or 
•f  a  benevolent  one  for  others."— Hartley. 

of 
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of  reafonlng  or  deduction ;  thefe  ientiments  arc  alio 
excited  even  in  children,  long  before  they  have  learned 
to  make  ufe  of  their  reafon,  or  to  form  iiv  their  own 
minds  any  regular  judgment  concerning  the  good  or 
evil  confcquences  of  adlion.  4thly,  The  general 
agreement  of  all  nations  (only  making  (bme  allow- 
ances for  local  circumftances)  with  refpeft  to  moral 
excellence  or  moral  turpitude,  is  alfo  cited  as  a  proof 
that  thefe  fentiments  muft  proceed  from  fbme  general 
and  inftindive  principle*  .  5th]y,  It  is  afked,  what  is 
meant  by  the  term  confcience,  and  that  uneafy  fenfa- 
tion  which  accompanies  guilt,  if  there  is  nothing  con- 
flitutionally  in  man  to  dired  him  in  the  purfuit  of  good 
and  the  abhorrence  of  evil  ? 

In  oppofition  to  this  dodrine  it  is  urged,  with  fome 
plaufibility,  ift.  That  the  moral  fenfc  improves  *  with 
years  and  knowledge.  What  moral  ideas,  it  is  laid^ 
bad  the  favage  girl  caught  in  the  woods  of  Champaine  ? 
What  had  the  young  man  of  Chartres,  who  recovered 
his  hearing  at  the  age  of  twenty-four  f  ?  Uninformed 
perfoos  of  every  nation  have  not  an  exquifite  moral 

fen(c> 

*  This  argument  ii»  however*  not  decifive,  fince  any  one  of 
o«r  fenfes,  and  even  oar  bodily  powers,  may  be  improved  by 
prance  and  in^udion. 

f  A  yoang  man  of  the  town  of  Chartres,  between  the  age  of 
twenty-three  and  twenty- fbor,  the  Ton  of  a  tradefman,  and  deaf 
and  damb  from  his  birth,  began  to  fpeak  of  a  fudden,  to  the  afto- 
niihment  of  the  whole  town.  He  gave  them  to  underiland,  that, 
aboat  three  or  foor  pionths  before,  he  had  heard  the  found  of  the 
bells,  and  was  greatly  farprifed  at  this  new  and  unknown  fenfa* 
tion.  After  fome  time  a  kind  of  water  iflued  from  his  left  ear, 
and  he  then  heard  perfedly  well  with  them  both.  During  thefe 
three  months  he  was  fedulooffy  employed  in  lillening,  without 
laying  a  word,  and  accuftoming  himfelf  to  fpeak  foftly,  fo  as  not 
to  be  heard,  die  words  pronounced  by  others.    He  laboured  hard 

alfo 
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kx&y  and  in&Ats  very  little  of  it.     idly,  Wc  feci, 

and  rcfent  as  ftrongly,  any  thing  which  contradidb  the 

religi<Mi  or  cuiloms  of  our  country  as  thofe  vices  which 

are  generally  difallowed,  and  this  can  by  no  means  be 

fufpe^bed  to  be  innate,     jdly^  What  is  called  virtue  is 

generally  profitable.     Nor  does  it  at  all  derogate  fixmi 

the  honour  of  virtue,  that  it  is  founded  pn  the  immu« 

table  principles  of  truth :  a  much  more  honourable 

extra&ion  than    bVmd  inftinA.      4thly,  The  necef- 

fity  which  all  religious  per(bns  juimit  of  a  divine  re* 

velation  to  teach  us  our  duty,  and  the  great  imperfec- 

tion  of  all  the  fyitcms  of  morals  that  have  pfo« 

cecdcd  from  the  Heathen  fages*,  feem  greatly  to 

militate  againft   the  hypothelis  of  an  innate  moral 

principle* 


olfb  in  perfeding  himfelf  in  the  pronunciation^  and  in  the  ideas 
attached  to  every  found.    At  length  having  fappoTed  himfelf  qua- 
lified to  break  iiknce,  he  declared  tiiat  he  co«ld  now  fpeak*  thoagh 
as  yet  but  imperfedly.     Soon  after,  fbme  able  divines  qoeftioiied 
him  coacerning  his  ideas  of  his  paft  (late ;  and  principally  with 
sefpefl  to  God>  his  foul,  the  moral  beauty  of  virtue,  and  deformity 
«f  vice.     The  young  man,   however,  had  not  driven  his  folitary 
fpeculations  into  that   channel.     He  had  gone  to  mafs,  indeed, 
with  his  parents ;  had  learned  to  fign  himfelf  with  the  crofs,  to 
kneel  down,  and  to  affume  all  the  grimaces  of  a  man  in  the  ad 
of  devotion.     But  he  did  all  this  without  any  manner  of  know* 
ledge  of  the  intention  or  the  caufc ;  he  faw  others  do  the  like,  and 
that  was  enough  for  him.     He  knew  nothing  of  death,  nor  did  it 
even  ever  enter  his  mind.     He  led  a  life  of  pure  animal  inftind; 
and  though  entirely  taken  up  with  fenilble  objeds,  and  fuch  ai 
were  prefent,  he  did  not  feem  to  have  made  Juch  reflexions  even 
on  thefe  as  might  have  been  expeded  ;  though  he  did  not  want 
nnderflanding.— — >Mem.  Acad.  Science  1703,  p.   18,  cited  by 
Buffbn. 

•  See  Eflays  Hiftorical  and  Moral.     Eflay,  Principles  of  Mo- 
rals* 

Then 
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There  are  fome  points,  k  is  added)  in  which  all  men 
agree;  becaufc  there  are  fome  dedudions,  which  all 
men  dvdned  with  fenles  nearly  alike,  cannot  fa3  to 
draw.  There  are  fbme  ideas  which  will  be  aflbciated 
in  every  mind  that  reflefts.  Of  this  nature  arc  the 
common  opinions  of  virtue  and  vice.  Every  being 
fctiRble  of  p]ta(ure  and  pun  muft  al(b  be  ienfiUe  of 
love  and  hatred.  Very  little  experience  will  convince 
any  man  that  particular  adtions  are  attended  with  ill 
^fFeds,  and  others  in  like  manner  with  good  ones« 
No  matter  whether  to  ourfclves  or  others,  wq  have 
the  idea  good  and  bad  annexed  to  the  actions,  before 
we  have  the  idea  of  the  perfons  to  whom  they  relate ; 
we  have  them  from  our  own  experience,  or  fomething 
adequate :  we  love  the  one  and  hate  the  other/we  love 
whatever  promotes  the  one,  and  the  contrary. 

We  very  early  come  to  have  a  fenfe  of  injuftice, 
fince  whatever  dilappoints  the  appetites,  or  is  pro- 
duftivc  of  prefent  pain,  generates  refcntment  in  an 
infant.  Thefe  ideas  are  regulated  by  reafoning  and 
education,  and  men  in  time  learn  to  diftinguilh  be- 
tween a  misfortune  merited,  or  which  they  have 
brought  upon  themfelves,  and  one  which  is  brought 
upon  them  by  others ;  they  learn  too  to  diftinguifh  be- 
tween chance  and  defign,  and  hence  our  hatred  to 
injuilice,  &c. 

The  quick  fenfe  of  honour  and  (hame,  it  is  further 
alledged,  can  be  no  argument  in  favour  of  inftindtivc 
morality,  for  we  are  much  more  afliamed  of  natural 
defefts;  there  are  few  men  that  would  not  rather  be 
called  knaves  than  fools. 

The  reafon   men  are  afliamed  ot  fenfual  enjoy- 
ments, is  the  loathing  and  difguft  that  follow  excefs  in 
themi  there  is  no  exc^,  no  dilguft^  no  fatiety  in  the 
6  pleafures 
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Chap.    XVIL 


OF    GENIUS. 


Geiural  Ohfervattims  om  *whai  confttttttts  Gemus,-'''Of  tie  Furieties  i^ 
Gemiusj-^^emus  tffofed  tt  Dubufi^^^tiiftrnt  Caft  §f  Gemus. 


SOME  men,  it  b  well  known,  ^el  more  actitely 
impreflions  on  their  (enfes  than  others^  tnd  thefe 
impreifions  probably  remain  longer  vivid  on  fbme  than 
on  others.  It  (eems  not  unlikely,  thelrefoitj  that  this 
faculty  of  feeling  more  acutely,  and  the  impreflions  oa 
the  fenfes  dwelling  longer  vivid  in  fome  men  thaii  in 
others,  enables  them  to  form  more  exte&five  combi- 
nations, and  conne(fUng  together  more  effeftualiy  their 
ideas,  may  oonftitutt  what  is  called  genius,  in  oppo« 
fition  to  ftupidity  ordulnels*.  Sucli  a  faculty  will 
enable  men  to  acquire  knowledge  more  eafily,  by  more 
readily  admitting  perceptions ;  to  retain  it  better  bjr 
the  frequent  repetitions,  which  fo  many  aflbciated  idea^ 
muft  produte  i  and  to  exprefs  it  more  readily  from  the 
connexion  of  ideas,  which  will  recal  each  other  in  a 
more  complete  and  regular  feries.    Men  of  this  de- 


■% 


*  Genius  on  thefe  principles  feems  to  be  an  a^ive  power  of 
quickly  combining  (imple  ideas,  or  of  difcovering  their  ^ombinm^ 
tions.  Dolnefs  to  be  no  more  than  a  fluggifhnefs  of  mind,  whicfc 
Is  incapable  of  following  the  combinations  of  notes  in  a  fine  piec6 
of  mufic,  or  of  the  colours  in  a  good  landibape,  tboog&  the  fonple 
ideas  may  be  obvious  enough. 
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fcripdon  will  have  more  cbjcdb  of  pleafure  and 
cf  beauty  than  ordinary  minds.  Relations  which 
would  hjve  elcapcd  the  majority  of  mankind,  will 
be  Imprelled  on  their  (enfes,  and  combinations 
will  be  formed  of  ^hich  others  could  haye  no  con- 
ception. Their  minds  branched  out,  in  a  manner, 
to  more  objecTs,  will  in  fact  have  more  fources  of 
pain  and  pleafure ;  only  that  as  the  portion  of  plea- 
lure  is  greater  than  that  of  pain  in  the  world,  their 
pleafures  will  be  proportionably  more  numerous. 

Bat  there  are  other  differences  fubfifting  among  men 
of  apparently  equal  genius,  which  fcem  difficult  to  be 
accounted  for.  One  man  fliJI  excel  in  an  art  for 
which  another  poffeffes  no  qualification,  who  yet  b 
at  the  fummit  of  excellence  in  fome  other.  That 
the  pafllons  muft  have  an  effcd  in  forming  our  dif- 
pofidon  *  and  caft  of  thinking,  cannot  well  be  dif- 
pured ;  and  the  pafllons  being  no  more  than  mo- 
difications of  the  appetites,  on  diem  muft  in  fome 
mcafure  ultimately  depend  the  turn  of  mind  in  parti- 
cular perfoiis. 

I  can  eafily  conceive  that  one  fenfe  may  be  fo  per- 
fcfUy  and  delicately  organized,  as  to  be  more  fufcep- 
tible,  to  difting;ii(h  more  nicely,  and  to  piefent  the 
ideas  of  that  feme  more  perfeft  tlian  the  other  fenfes ; 
and  this  is  probably  the  cafe  with  thofc  who  poflcfs  a 
Ycry  fine  muficol  ear  withou:  any  acutcnefs  of  under- 

•  How  far  the  i).i:ur.-l  frame  of  the  body  or  the  violence  of 
appcd:e  m.'.y  inflaence  the  rnnJ,  is  not  eafy  to  define.  A  delicaite 
habit*  unabii  to  bear  the  exircmcs  of  cold  and  heat,  or  any  otaer 
incofiveoicnce,  may  difpofe  the  perfon  to  be  cautious,  fufpicioos, 
fretful.  The  fame  may  in  the  end  render  him  avaricious.  Oa 
th"*  other  hand,  there  are  paflions  which  almoll  entirely  depend  oa 
tarly  aflbciationi  of  idcai. 

(landing. 
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fianding.  But  in  general  this  delicacy  is  extended  to 
all  the  mental  organs^  or,  to  fpcak  more  properly, 
perhaps^  to  the  mind  itielE  Hence  a  genius  for  all 
the  fine  arts  commonly  exifb  in  the  fame  perfon^  and 
if  they  have  applied  only  to  one,  we  may  reafonably 
conclude  an  early  bent  to  have  determined  the  pre- 
ference. 

It  is  allowed  that  a  quick  perception,  a  proper  dc- , 
gree.of  retention,  and  a  facility  in  recalling  its  ideas, 
are  as  eflential  to  a  found  judgment,  as  to  a  fine  ima- 
gination ^  ^  the  great  difference  (eems  to  be,  that  the 
one  felefbs  and  dwells  upon  fuch  ideas  as  are  necefikry 
to  its  immediate  purpofe  in  diicovering  truth;  the 
other  felefts  only  fuch  as  give  pleafure,  and  does  not 
dweU  long  upon  any.  It  is  probable,  therefore,  tha6 
this  b  chiefly  a  difference  in  temper  and  difpofition^ 
Acutenefs  of  feeling  is  certainly  ever  connected  with 
fine  parts,  being  in  fa£t  no  other  than  quick  perceptions^* 
but  it  is  certaini  that  among  men  of  equally  acute 
feelings,  fome  are  leis  violent  and  (anguine  than  others* 

*  The  philosophic  genius,  according  to  £>r.  Genird,  diffin't 
-from  a  gtnius  for  the  arts,  in  this,  that  the  former  is  chiefly  em- 
ployed opon  the  relations  of  eife^  and  caufes,  and  the  latter  is 
«ttra^ed  by  the  relation  of  resemblance,  confeqaently  the  One  • 
dwells  on  a  few  prindples,  the  other  porfues  every  light  and  fadft 
cifiil  ailbciation. 

'»  The  philoibpher  defcribes  minutely  all  the  appearances  of 
his  objed;  his  defign  requires  it;  every  one  of  them  involves  fom# 
truth ;  inattention  to  any  one  of  them  may  prevent  the  difcovery 
•f  truth,  or  occafion  error ;  thofe  of  them  which  feem  lead  ftriking^ 
often  lead  moft  diredly  to  truth,  or  lead  to  the  moft  important 
truths.  A  poet,  on  the  contrary,  would  overlook  by  far  the  greateft 
partofthefe  appcanmces;  they  are  unfit  to  plcafe,  and  for*tha( 
reafon  atttad  no  fhjire  of  attention :  he  fixes  on  a  few  that  aw 
aioft  ftriking,  and  labours  to  fct  thefe  iu^a  fbikiog  ligk.*'-^tr«, 
00  Gca.  pt.  3.  f.  I. 
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I  can  by  no  means  consent  to  refer  this  difference  aIto« 
^thicrco  education,  for  perfonswho  have  had  every 
pofTiblc  care  taken  of  their  temper  in  early  youth, 
will  ofren,  when  let  at  liberty,  break  out,  and  become 
of  very  unruly  difpofidons  in  maturer  age  s  and  per- 
fons  wjll  rcfemble  their  parents  in  temper,  who  have 
'  -/x  never  feen  them : 

'  *  *    r)  **  Katuram  expellas  fiirca,  tamcn  uiqoc  rccurrit.*' 


•^  I 


This  h(k  we  can  refer  to  no  one  principle  in  human 
nature  hut  the  paflions.  Thofe  whofe  animal  appe- 
tites are  ftronger  than  thoCr  of  others,  will  be  more 
fangulne  in  all  their  defires,  of  courfe  will  fmart  more 
for  a  difappointment,  and,  in  a  word,  muft  be  more 
•fubjed  to  paflion. 

The  old  maxim,  "  Poeta  nafcitur,**  has  been  ac- 
counted a  vulgar  error,  and  it  is  certain  much  depends 
upon  early  habit,  and  this  habit  is  commonly  acquired 
from  the  circumftances  of  youth.  But  this  does  not 
entirely  account  for  the  difference  of  men's  purfuits, 
whofc  mental  powers  fcem  equal,  and  whofe  ficuarions 
are  fimihr  If  once  it  is  agreed,  however,  that  a  de- 
gree of  coldnefs  is  neceffary  to  certain  ftudies,  and 
that  others  are  more  conncded  widi  paffion,  we  ihall 
not  long  be  at  a  lofs  to  account  for  this  feeming  para- 
dox in  the  human  mind,  upon  the  principles  already 
eftablifhed. 

There  are  other  caufcs  of  diverficy  in  natural  genius, 
fuch  as  difference  in  the  degree,  &c.  One  man  is 
poffeflcd  of  a  more  retentive  memory  than  another; 
another  man  may  have  a  more  lively  perception, 
and  a  little  difference  in  principle  will  produce  a  great 
one  in  the  effeds.  Thefe  perfons  may  feem  men 
of  equal  talents,  and  yet  the  bent  of  the  genius  will 
6  be 
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be  different  in  each,  and  ihcir  qualifications  difFerent, 
After  all,  it  is  difficult  to  fay  what  may  be  the  effefts* 
of  cultivation.  Many  excellent  pi^CHcal  mufic'inj^ 
are  certainly  not  men  of  genius,  nor  even  poflcfied^* 
as  I  have  bf^en  informed,  of  a  natural  ge'niii^  for  their 
own  art.  What  moft  commonly  influences  the  pur- 
fuits  and  difpofitions  of  men  is,  I  am  perfuaded, 
cuftom  *,  early  aflbciations,  and  a  predilection  for  cer- 
tain occupations  generated  by  fomc  agreeable  but 
fortuitous  circumftance.  Thus,  in  relating  the  life  of 
the  poet  Cowley,  Dr.  Johnfbn  informs  us,  that,  "  In 
the  window  of  his  mother's  apartment,  lay  Spencer's 
Fairy  Queen  j  in  which  he  very  early  took  delight  to 
read,  till  by  feeling  the  charms  of  verfe,  he  became, 
as  he  relates,  irrecoverably  a  poet.  Such  (adds  this 
great  moralift)  are  the  accidents,  which  fometimes 
remembered,  and  perhaps  fo  netimes  forgotten,  pro- 
duce that  particular  defignation  of  mind,  and  pro- 
penfity  for  fome  certain  fcience,  which  is  commonly 

*  Mttch  of  the  difference  between  the  fcientific  genius,  and 
the  genius  for  the  arts,  will  depend  on  early  habit.  ^  Peribna 
(fays  Dr.  Hartley)  who  give  themfelves  much  to  mirth,  wit,  and 
humour,  muft  thereby  greatly  difqualify  their  underfhindingf  for 
the  fearch  after  truth ;  inafmuch  as  by  the  r?rpetual  hunting 
after  apparent  and  partial  agreements  and  difagreement^,  as  i^ 
words,  and  indireft,  accidental  circumftrinces ;  whiill  the  true  na- 
tures of  the  things  themfelves  afford  nal  agreements  and  disagree- 
ments, that  are  very  different  or  quite  oppoiite,  a  man  muf^  hf 
degrees  pervert  all  his  notions  of  things  themfelves,  and  become 
unable  to  fee  them  as  they  really  are,  and  as  they  appear  to  con* 
isderate,  fober'minded  inquirers.  He  mud  lofe  all  his  afibciationt 
of  the  viiible  ideas  of  things,  their  name5,  fymbols,  &c  with  their 
ufual  practical  relations  and  properties ;  and  get  in  their  dead  ac« 
cideotal,  indired,and  unnatural  conjunctions  of  circumd^nces,  chat 
are  really  foreign  to  each  other,  or  oppofitions  of  tfaofe  that  are 
9nited."-<^Hartleyt  p,  a6, 

Kk3  called 


ci|}cd  geniuSf.   True  genius  is  a  mind  of  laiige  geocnl 
powers^  accidentally  determined  to  finne  pautiailar 
^ueiftiQD. .  1r^  ^njifi  iwncer  of  the  prefent  age,  M 
dbe  firft  foiuiii^  %^ 
Aicbardiba's  Jtneadie  *•" 


*•  -    *         —    t  ■  '  ■   *1  »  •  ♦ 


•    •  •  ■  «  .  »      '" 


XJ.    •■    .'       .   «•!. 


'  I 


•    ■  -  , 

•  * 


.      r  •  •  •  '  f         *  '  't  '     ** 

i  . 


Ghap.  i8.]  [    503    ] 


•         44  ■      i. 


t  I 
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»         r 

OF    TASTE.  *  ' 

Of  Agrumnt    and  Di/agrtement  in  T«ftt.—'Qf  «  S/axdird  ff 

Tafit. 

I 

DISAGREEMENT  of  tafte^  if  we  but  attend  to 
the  principles  explained  in  the  former  pare 
of  this  book  *,  will  be  found  to  arifc  fh)m  jparticulat; 
aflbciations  f ;  and  agreement  in  tafte  firom  the  natural 
affedions  common  to  all  mankind.  The  mod  perfedt 
agreement  will  be  between  thofe  whofe  genius^  ftudies, 
and  other  circumftances  moft  perfedtly  accord. 

National  tafte  is  influenced  by  the  fame  caufes,  which 
influence  that  of  individuals  X^  and  a  flight  aflTociatioa 
will  frequendy  produce  the  moft  fantaftical  cuftoniSit 
The  tyranny  exercifed  over  the  female  fcx,  the  jealQufy 
of  the  Ai^acic  nations ;  and  the  negleftof  their  AroniieOj 
fliewn  by  Ibme  northern  barbarians^  does  not  proceed 
from  a  coldnefe  in  the  natural  temper  of  the  latter,  nor 
from  the  more  lively  paflions  of  the  former  j  the  truth 
is,  in  the  rude  flate  of  thofe  northern  P^ppjc,  their 

•Sccch-Vi.  '--^'j     ' 

t  From  aflbciatloD,  if  glaring  ooloare,  or  any  otirr  thing  'ihouU 
be  regarded  by  the  country  as  a  fign  of  levity  fxj^y  other  .tU  qui* 
lity  in  the  wearer ;  or  if  any  coloar  or  fafhion  15  4ired  by  rafticsi  or 
men  of  a  difagreeable  profcflion  or  temper^  thefe  ideas  recur  with 
the  fafhion  or  colour.  .j  j  " 

{  Almoii  every  perception  will  introduce  a^^iffeireDt  traia  oC 
ideas  in  every  different  perfon,  according  to  the  difoeit  circunwi 
Ibnccs  with  which  it  may  have  been  moft  frequently  a^^Qpated  ia 
each  perfon's  mind,  and  confeqoehtly  often  according  to  t&eirpar«* 
ticalar  occupation  or  profeflion.  .*  •  ?    :       - 
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ctiier  wants  are  lb  muy, that  they  ctnnot  attend  tothe 
pleafiires  of  luxury.  But  ttie  foutiiera  nationsyby  the 
aid  of  a  fine  climate  and  a  fertile  foil,  are  more  ad« 
▼anced  in  dvilization  than  diofe  of  the  north,  chough 
not  arrived  at  that  point  when  the  mind  is  enaUed, 
by  reafbn  imd  pbUofi^hy)  to  refill  or  correft'  &Ue 
aflbciadons.  The  one  party  have  litde  notion^  of 
id^aliire,'  die  othen  have  miftaken  notions  of  iL  A 
fing^  movement  in  the  intelleftual  world  influences  a 
tnuf  of  id$as>  and^  if  wrong^produces  a  feries  of  mid 
Conduft.  It  is  certainly  a  coniUtuent  of  female  beauty, 
to  have  limbs  fmaller  and  more  dcmcate  than  thofe  of 
pen  i  but  mankind  arc  ever  defirous  of  pleafure  and 
lieauty  to  Excels  j  the  Chinefe,  therefore,  endeavour  to 
produce  i  dcgfec  of  beauty  beyond  what  nature  has 
eftabliflifrd  as  perfe ftion,  and  cramp  the  feet  of  thor 
WQCpen  even  to  defbnnity :  the  fame  motive  will  ferve 
io  explain  many  fan^iticat  fiilhipns  .which  occur  to  out 

<ifWh  obfervation.    What  induced  lome  of  tlie  Indians 

•  ■■■■■  *    '        ■  . .    .  ^^  • 

%0  cqlour  the  teeth  black,  was  fuppofing  it  eflential  to 
men  to  diBcr  from  the  brutes  in  every  relpeft,  and 
therefore  it  was  neceflary  not  even  to  have  teeth  of  the 
lame  colQur. 

Deviations  from  nature  happen  chiefly  in  a  ftate^a 
fewjempves  from  barbarifm.  True  refinement  brings 
men  ^iind  to  the  primitive  fimplicity  from  which 
they  have  been  diverging.  Whether  the  theory  of  a 
mora]  feiile  \i  admitted  or  not,  it  is  (till  highly  proba- 
blcj  that  *thcrc  is  in  all  things  a  certain  pcrfeftion  of 
which  msinkind  is  naturally  emulous.  The  ideal  cha- 
raders,  and  the  golden  age  of  poets/ exhibit  the  original 
traces  of  the  confcioufnefs  of  this  perfe6fcion,  written  in 
the  breaft  of  every  man.  It  is  on  this  (landard  of  ex« 
cellcncc.in  human  nature^  that  a  ftandardof  taftc  pro- 
bably depends.    As  men  approach  more  or  lefs  this 

point 
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point  of  pcrfeftion,  they  are  called  polite  or  ruftic,  ci- 
vil Ized  or  barbarous ;  and  though  the  point  itfelf  has 
never,  perhaps,  been  attuned,  nor  ever  will  be  attained! 
by  any,  yet  men  there  will  be  in  every  age  who  ap- 
proach nearer  to  it  than  the  great  mals  of  mankind, 
and  in  fome  ages  they  will  abound  more  than  in  others  5 
fr  im  the  number  of  thcfc  we  are  to  form  our^udg*- 
raent  of  the  tafte  of  any  given-  period ;  thefe,  in  faft,  it 
is  who  kad  the  fafhion  in  thinking ;  and  although  there 
are  degrees  in  this  intellectual  excellence,  yet  all  men 
will  be  admirers  arid  judges  of  pcrfeftion  in  arts  or  in 
morals,  in  an  exaft  proportion  as  they  approach  per- 
fedHon  thejnfclves,  provided  only  they  have  made 
themfelves  perfedly  acquainted  with  the  principles  oC 
that  art  of  which  they  prefume  to  jgdgc. 
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Chap.    XIX.     . 

* 

•      OP      OPINIO!*. 

Far/f/ex  rf  the  Suics. — Explanation,f^bt  ftnJibU  PUaJures  men 
■  nrmercus  than  the  Jen/Ude  Paitu^'^Tbe  fame  wsih  the  inttlkSuat 
.    PUa/urts  and  Pains. 

IT  was  a  dogma  of  the  ftoics,  that  good  and  evil 
depend  upon  opinion— Take  away  the  opinion 
(Tay  they)  and  the  evil  is  removed  *.  This  paradox 
is,  perhaps,  not  wholly  incapable  of  explanation.  Cer- 
tain ft  is,  that  if  we  except  the  fenfible  pleafurcs  and 
pains,  much  of  our  temporal  happinefs  and  mifcry  docs 
depend  upon  opinion  ;^  that  is,  upon  an  imaginary  efH- 
mation  or  fear  acquired  from  afTociations  of  ideas. 
What  renders  a  particular  walk  or  apartment  agreeable 
after  being  for  fome  time  habituated  to  it  ?  but  that  the 
idea  of  the  place  becomes  entwined  and  connefted  with 
the  plcafures  enjoyed  in  it.  What  gives  value  to  the 
lover's  keep-fake  or  the  mifer's  gold  ?  not  that  either 
are  of  any  ufe  to  them,  but  the  one  is  aflbciated  with 
the  pleafure  of  fympathy,  the  other  with  that  of  con- 
venience ■[-•     The  moralifts,  therefore,  who  aflert  that 

wc 

*  Src  M.  Amon.  Med.  Arrian  Paflim. 

f  Darknefi  and  obfcurity  are  the  only  means  by  which  the  eye 
can  be  matcriaUy  deceived  in  j^'^gi'Tg  of  bodies. — The  fanpies, 
lhcrc"f:)re,  of  apparition?,  whenever  they  arofe,  moll  probably  took 
their  rife  from  fome  mifconception  of  this  kind  ;  and,  indeed,  the 
little  probability  there  is  that  men  could  be  deceived  in  the  open 
day>  mnile  obfcurity  be  always  chofen  as  the  proper  fcene  for  ter- 
rors of  this  kind.  Nay,  the  fear  and  caution  which  people  muil 
have  in  the  dark  on  account  of  the  danger  there  is  of  falling  or 
injuring  themfelves ;  the  opportunity  it  affords  for  ambufcadcs,  5:c. 

and 
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we  may  be,  in  a  great  meafure,  the  fafhioners  of  our 
own  happinefs,  are,  perhaps,  not  materially  miftaken. 
The  fcnfible  pleafures  are  more  numerous  than  the 
ienGble  pains ;  but  the  greater  part  of  our  happinefs  is 
intelleftual,  or  formed  by  the  imagination.  1^  there- 
fore, we  can  become  fuch  maflers  in  reaibning,  as  to 
analyze  and  decompofe  thofe  paffions  which  the  ima- 
gination formsj  the  fairy  fabric  is  diffolved,  and  our  un- 
caCnefs  is  removed.  Nor  need  we  be  prevented  from 
uniting  together  agreeable  aggregates  of  ideas,  in  which 
work  nature  will  aflift,  and  for  the  reafon  above  inti- 
mated, viz.  becaufe  the  fenlible  pleafures  are  more  nu- 
merous than  the  fenfible  pains»  and  becaufe  the  mind  is 
only  a<%ve  in  purfuit  ef  pleafure. 

and  being  the  common  time  for  committing  outrages  and  mordert, 
mull  increafe  tkis  apprehcnfipn,  Befides  it  deprives  as  in  ibme  • 
meafare  of  fociety*  and  cuts  off*  many  pleaiing  trains  of  ideas  which 
objeds  in  the  light  introduce.  After  all,  probably  fo  much  of  oar 
happinefs  depends  on. the  adion  of  our  fenfes,  that  the  deprivadon  ' 
ofanyoneof  them  is  attended  with  proportionable  vneafinefiu 
Much  ufe  has  been  made  of  this  principle  in  the  gloomy  conilrudioA 
of  religious  buildings,  &c.  i'u^^erilition  being  thecpmrncn  oSspring 
of  fear. 
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^       OF  THE  FREE   AGENCY   OF   MAN. 

ftidtJHnat'ion^  w  fated  ffecefftty^  not  comneSled loitb  tBe  Doarimt  §fih$ 
JJpiciaticH  of  Ideas. -^Incon/iftency  of  the  Fatalifis.'^MotitH  amt 
Action  in  Morals  toteJIy  different  ff  om  Caufe  and  Efi^  in  Pbjfics.^mm 
The  0ms  Prohandi  in  tbis  ^eftivn  lies  on  the  Fatalifis.^Sln^im 
concerning  the  Influence  of  Motives,''^  Argument  of  the  Faialifis 
frmn  the  Divihe  PreJcience.^^Abfnrd  and  horrthle  Conjeqnenees  re* 
fidtingfrom  the  Do&fint  of  Fatality. •-^Modefty  and  Humility  re- 
commended in  philofophical  Studies ^"^Tbofe  Sciences  to  bt  frefinti 
ivhzcb  are  mojl  conntiled  luitb  f  radical  Utility* 

THAT  the  doftrinc  of  the  aflbciation  of  ideas 
(hould,  in  the  mine)  of  any  vifionary  writer^  have 
ever  been  conneftcd  with  the  fatal  neccffity  of  hunnan 
aftions,  is,  I  confcfs,  to  me  a  matter  of  furprifc. 
Miferable,  indeed,  muft  be  the  ftate  of  man,  if  he  wa$ 
enilued  with  no  power  of  regulating  or  direfting  the 
train  of  his  ideas  5  if  they  muft  flow  for  ever  in  one 
neceflary,  unbroken  channel,  or  if  external  objedbs  alone 
were  to  diftate  to  us  what  to  think.  It  is  obvious, 
that  if  this  was  the  cafe,  there  could  be  no  variety,  and 
fcarcely  any  change  in  the  purfuits  of  men :  the 
thoughts  muft  flow  from  each  other  in  one  uninter- 
rupted feries,  and  man  could  not  be  an  accountable^ 
and  fcarcely  a  rational  creature. 

It  is,  however,  plain,  that  we  have  a  power  of 
interrupting  the  train  of  thought,  of  dwelling  more 
intenfcly  upon  particular  ideas,  and  even  of  occa- 
fionally  diverting  our  reflcdtions  and  contemplations 

into 
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into  new  channels  $  and  this  power  alone  is  fufficienty 
in  my  opinion,  to  conftitute  man  a  free  agent*. 
InJccd  thofc  authors,  who  contend  mod  for  the  doc- 
trine of  a  fatal  neccflity,  are  among  the  firft  to  re- 
commend an  application  to  ftudy,  and  the  cultivation 
of  the  mind ;  whereas,  if  the  mind  is  endued  with  no 
fpontaneous  energy  whatever,  no  felf  direfting  agency, 
furely  fuch  a  recommendation  is  inconfiftent  and  ab- 
furd  t- 

^  On  any  queftion  of  ferious  importance,  analogical 
reafoning  fhpuld  be  admitted  with  the  utmofl:  caurion ; 
and  yet  a  fenfelefs  and  puerile  ^analogy  has  been 
called  in  to  the  aid  of  an  argument,  which  cannot  be 
^pported  by  pofitive  proof.  Modve  and  a6lion  in 
morals,  have  been  compared  to  caulc  and  efFefb  in 

*  It  b  ixnpofiible  to  obfenre,  without  %  fmiley  men  boafting  of 
being  the  dilciples  of  Mr.  Locke,  who  have  apparently  never  read 
^  page  of  his  writings,  or,  if  thev  have  looked  into  them^  have 
evidently  mifunderllood  them.  With  how  much  juftice  this  rtal 
-|>hilofopher  is  reprefented  as  a  favourer  of  the  abfnrdities  of  the 
fatalifts,  will  appear  from  the  following  paflage :  *'  This  at  leaft 
(fays  Mr.  Locke)  I  think  evident,  that  we  find  in  ourfelves  a 
power  to  begin  or  forbear,  continue  or  end  feveral  actions  of  OQr 
minds,  and  motions  of  our  bodies,  barely  by  a  thought  or  pre- 
ference of  thf  mind  ordering,  or,  as  it  were,  commanding  the 
iloing  or  not  doing  fuch  or  fuch  a  particular  action.  This  power 
which  the  mind  has  tlMs  to  order  the  confideration  of  any  idea,  or 
the  forbearing  to  confiderit,  or  to  prefer  the  motion  of  any  part 
of  the  body  to  its  reft,  and  vict  verjm^  in  any  particular  inftance, 
is  what  we  caU  the  will."— -Locke's  Eflay,  B.  ii.  c.  ai . 

f  if  there  it  no  degree  of  freedom  or  fpontaneity  in  human  ac« 
tions,  what  it  meant  by  the  words  deliberation,  prudence,  and 
judgment  ?.  If  the  opinion  of  the  ^talifts  is  true,  our  interference 
in  any  matter  or  a6tion  it  fuperfluous ;  and  yet  who  is  there  that 
4oes  not  perceive,  that  the  courfe  of  a  dangeroar  difeafe  may  b^ 
impeded  by  the  calling  in  of  a  phyfician  ?  a  matter  which  wat 
cndrely  within  the  choice  of  th^  patient  Umfci^ 

phylics. 
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phyfics*.  That  fomc  motive  in  the  mind  precedes 
every  human  a£tion  is  certain>  and  thus  far  the  ana- 
logy is  juft;  but  the  motive  may  as  well  be  in  the  will 
itfelf,  as  the  mere  rcfult  of  any  external  xaufc.  Iff 
indeedj  the  analogy  was  true  in  all  its  partSj  a  human 
being  would  be  altogether  as  fubjed  to  the  laws  oT 
inert  matter  as  a  block  of  marble  or  of  wood^  What- 
ever is  fubjeft  to  an  abfolute  neceflity,  can  never  be 
the  incipient  caufe,  or  the  beginner  of  motion  or  ac- 
tion of  any  kind ;  it  muft  be  altogether  under  the 
command  and  direftion  of  external  objefts ;  it  muft 
be  altogether  inert  or  pafllve,  having  no  principle  of 
aftion  in  itfclfl  On  this  account,  as  I  before  inti- 
mated, there  would  be  much  more  uniformity  in  the 
aftions  of  men,  if  they  were  fubjeft  to  z  fatal  influ- 
ence, then  there  appears  to  be  \  there  would  be  no 
difEculty  in  deciding  what  muft  be  their  condu£t  in 
any  given  circumftances. 

A  freedom  of  deliberating,  chufing,  and  determining 
upon  things,  is  what  every  man  feels  in  himfelf  f .    It 

•  The  arguments  by  which  the  atheifts  have  attempted  to  prove 
this  analogy,  are  the  mofl  abfurd  and  puerile  that  can  well  be  ima- 
gined. "  Every  efFe£t,*'  fay  they,  "  muft  proceed  from  fomc  caufe, 
and  this  caufe  mud  be  dependent  on  another /•*  The  dired  con* 
clufion  from  this  is  *'  that  there  is  no  where  any  origin  or  be-* 
ginning  of  motion,  but  every  thing  is  ncceflarily  produced  by  an 
eternal  chain  of  caufcs  and  elfe^ls,  without  any  independent  ori- 
gin." Such  reafoning  as  this  cxaftly  refembles  that  of  the  Indiair, 
who  fuppofcs  the  earth  to  reft  on  a  crocodile,  the  crocodile  on  an 
elephant — but  what  does  the  elephant  reft  on?  In  fa£l,  to  com- 
pare the  operations  of  the  mind  to  any  of  the  qualities  of  matter* 
is  to  compare,  as  Dr.  Clarke  obferves,  a  fquare  to  the  colour  of 
blue,  or  a  triangle  to  a  found.  It  is  like  the  blind  man,  who  being 
aflccd  what  idea  he  had  o^  fear  let,  faid,  he  fancied  it  muft  be 
fomething  like  the  found  of  a  drum. 

f  "  As  it  is  in  the  motions  of  the  body,  {o  it  is  in  the  thoughts 
•f  our  minds  j  where  anv  one  is  /uch,  that  we  have  power  to  take 

il 
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is  the  didate  of  nature  and  common  ftnk ;  one  of  the 
firft  perceptions  we  have  of  the  operations  ^f  our  owa 
minds*  It  does  not  lie  with  us,  therefore,  to  prove, 
that  the  human  mind  is  free ;  but  it  lies  with  the  op- 
ponents of  liberty  to  provej  that  it  is  not  free  i  and 
this  ought  to  be  done  upon  direft,  pofitive,  experi- 
mental evidence,  and /not  upon  fanciful  analogies  or 
conjefture- 

The  only  argument  which  the  fatalifts  have  ever 
been  able  to  adduce,  which  at  all  bears  upon  the  point, 
is  diis — that  men  a6t  from  motives,  and  the(e  motives 
are  dependent  upon  fituation  and  external  circum- 
itances.  This,  then,  is  really  the  point  at  iflue  be- 
tween the  fatalifts,  and  the  advocates  for  the  free 
agerfcy  of  man.  The  former  fuppofe  the  influence  of 
motives  from  external  caufes  to  be  abfolute  and  unli- 
mited; the  latter  allow  the  influence  of  the  motives  jo 
a  certain  extent,  but  they  deny  that  it  is  abfolute  and 
unlimited.  < 

In  the  prefcnt  ftate  of  human  knowledge,  it  is,  in- 
deed, a  fpecies  of  dogmatifm  not  to  be  endured,  to 
pretend  precifely  to  afcertain  how  far  the  influence  of 
external  motives  extends  over  the  mind  of  man.  That 
external  caufes  fliould  have  a  certain  weight  and  influ- 
/Cnce  with  us,  is  certainly  confiftent  with  the  wifdom  of 
Divine  Providence,  and  confiftent  with  that  order  and 
regularity  which  he  has  every  where  eftabliftied.  If  men 
were  to  a£k  entirely  independent  of  all  influence  from 
external  caufes  and  circumltances,  the  world  would  be  an 
entire  fcene  of  confufion  and  diforder ;  if,  on  the  con- 
trary, they  were  endued  with  no  power  of  choice  or 
deliberation,  the  whole  would  be  an  inanimate  uniform 
•mais,  fubjeft  to  certain  and  deflnite  laws,  as  much  as 

^iip»  or  lay  it  hj,  according  to  the  preference  of  the  mind,  there 
W«  are  at  liberty."— -Locke's  Eiiay,  B.  iL  c.  21. 

inert 
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inert  mattcn  In  this,  therefore,  the  fame  happy  me- 
dium appears  to  be  eftabliflicd  as  in  other  infrances. 
Man,  from  his  natural  relation  to  external  things ;  from 
that  wonderful  connexion  which  exifts  between  the 
body  and  the  mind,  is  fubjedt  to  a  certain  inBuence  from 
lituation  and  circumftances ;  but  there  is  ftiil  in  hb 
own  mind  a  power  of  refle£ting,  deliberating,  and  de- 
cidingnipon  his  motives  and  conduft. 

Another  argument  in  favour  of  fatality  is  deduced 

from  the  prefcience  of  the  Deity,    "  If  God  foreknows 

all  things  (it  is  alleged)  then  every  event  muft  be 

predetermbed."     But  this  argunrent.  refts  upon  the 

lame  prefumptuous  foundation  as  the  preceding,  which 

would  pofitively  determine  the  precife  degree  of  i»- 

fiitence  that  external  caules  muft  have  upon  the  miod 

of  man.     Dogmatifm  certainly  never  was  the.  road  to 

truth,  and  is  utterly  inconfiftent  with  that  modefty  and 

humility,  which  is  the  very  charafteriftic  of  a  real  phi- 

lolbpher.     The  prefcience  of  the  Deity  !  Who  will 

.  dare  to  fay  that  he  is  able  to  define  it  ?  Who  will  dare 

to  allege  that  he  underftands  every  particular  circum- 

flance  and  attribute  of  the  Divine  exiftence  ?  To  fay 

that  God  canytot  exercife  his  own  powers  in  that  way 

which  is  moll  agreeable  to  the  ends  that  infinite  wif- 

dom  propofes,  and  infinite  goodnefs  would  dictate,  is, 

to  define  and  limit  omniportnce  !  aqd  to   affirm  that 

God  cannot  conftitute  man  a  free  agent,  cannot  in  this 

inftance  difpenfe  with  his  own  prefcience,  is  to  fay,  that 

God  is  not  omnipotent.  This  was  long  my  own  opinion; 

and  I  was  happy  to  find  ic  confirmed  by  the  excellent 

and  judicious  Dr.  Henry  More,  whofe  fentiments  on 

this  fubjcft  were  pointed  out  to  me  by  a  friend.  "  It  is 

true  (fays  he)  wx  cannot  otherwife  think  of  God's /ir^- 

kuczvledgc^  but  as  being  every  way  clear  and  perfe^ 

and  without  poflibility  of  error,  as  to  thofc  objefe 

about 
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about  which  he  judges  or  pronounces.  And  furely  he 
does  always  judge  and  determine  of  things  according  as 
diey  are  i  that  is  to  fay>  of  a  contingent  thing,  as  it  is 
conringent ;  and  of  a  nece/Tary  thing  as  it  is  neceflary. 
Whence  it  comes  to  pafs,  that  thofe  things  which  are 
contingent  and  proceed  from  a  free  principle  of  ading, 
arc  allowed  to  be  fcen  by  God's  confcnt. 

"  But,  not  to  confine  God's  tmnifcitnce  within  nar- 
rower, nor  afcribe  to  it  wider  bounds  than  we  do  to  his 
omnipotence,  which  all  fuppofe  to  be  an  ability  to  do 
whatever  implies  not  a  contradidion  ;  let  us  difpatch 
the  difficulty  in  a  few  words,  by  laying,  that  the  fore^ 
knowledge  of  contingent  effe£fsj  which  proceed  from  a 
free  principle  of  offing,  does  either  imply  a  contradic- 
tion,   or  it 'does   not.     If  it  docs   imply  a  contra- 
diftion,  then  fuch  cfFedts  arc  not  the  objcft  of  God's 
omnifcience,  nor  determined  by  it,  nor  rightly  fuppofed 
to  be  determined  at  all.     But  if  it  docs  not  imply  a 
contradiftion,  then  we  adlually  con/efs,  that  divine  prc^ 
Jciencey  and  human  freewill,  are  not  ioconfiftent,  but  that  f 
they  may  ftand  together." 

The  moft  dtcifive  argument,  however,  againft  the 
fatalifts,  is,  the  extravagant  conclufions  to  which  this 
gloomy  and  comforrlefs  do6trine  leads,  and  the  horrible 
confequences  which  are  attached  to  ;t.  If  n)an  is  a 
ftecejfary  agent,  he  cannot  poffibly  be  an  accountable 
being ;  for  how  prepofterous  is  the  thought,  how  in- 
confiftent  would  it  be  with  every  principle  of  juftice, 
to  puniih  any  being  whatever,  or  in  any  degree,  for 
what  he  could  not  have  avoided?  In  a  theological 
View,  therefore,  this  doelrine  appears  to  condu6t  di- 
rcdlly  to  athcifm  j  for  we  cannot  conceive  of  the  Deity 
in  fuch  a  manner  as  to  fuppofe  him  wantonly  cruel  or 
unjuiL  To  fay  that  future  punifhments  are  not  to  be 
(as  the  orthodox  party  conceive)  eternal  in  their  dura- 
tion, does  not  remove  the  difficulty  i  to  puniih  at  all 
.  Vol.  IIL  LI  f<» 
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for  involuhtai^  offences,  is  cruelty  and  injufticci  The 
fyftem  of  free  agency,  on  the  contrary,  is  confiftem 
v^i:h  all  the  attributes  x>f  God,  and  is  highly  confolatory 
and  inftruftive  to  man.  This  fyftem  refts  upon  the 
cleareft  bafis  of  juftice.  Man  is  created  free;  he  has 
good  and  evil  placed  before 'him,  with  the  ftrongcft 
and  moft  conciliating  motives  in  the  Chriftian  difpen- 
lation  to  purfuc  the  one,  and  to  avoid  the  other.  If 
he  perverfely  takes  the  wropg  courfe,  and  proves  in- 
corrigibly wicked,  every  principle  of  reafon  and  equity, 
fandlions  the  juftice  of  his  punifliment. — Into  the  na- 
ture of  that  piinilhment,  it  is  not  our  prefent  bufincfs 
to  inquire.  It  will  doubtlefs  be  fuch  as  to  fatisfy  infi- 
nite juftice,  yet  tempered  by  the  fwcct  and  falutary  ex- 
crcifc  of  intinite  mercy. 

If  the  divine  laws  arc  thus  outraged  by  the  prcpof- 
terous  liypothefis  of  a  fatal  neceflityj  human 4aws,  I 
fear,  will  not  ftand  upon  a  much  firmer  foundation. 
To  punifti  any  criminal  for  an  error  which  he  could 
not  avoid,  is  certainly  not  only  cruel,  but  wicked  in  the 
extreme;  and  yet  fuch  muft  be  the  cafe,  if  thcdoclriiie 
of  the  fatalifts'is  true  *. 

*  In  thecouiTe  of  a  very  few  vears,  it  will  fcarcclv  be  creJIted, 
that  abook  has  been  lately  publilhed  on  this  very  principle,  and 
the  argument  of  the  author  is  hnetly  this.  Man  is  a  nccelTvirv. 
agent,  he  istherefoic  not  an  accountable  beiiig;  his  a<5lioas  are 
all  determined  by  his  fituation  and  circuii  ll.inccs,  tal-.ing  in 
amongft  thefc  his  education  and  the  degree  of  knowledge  \\c  has 
been  enabled  to  acquire.  What  are  called  t/v;,r:»:/  ilieroforc  arc 
only  7!:iftaki5y  pcrfx^^ly  iiV/cluiiiary  on  his  pr4rL>  and  he  tlicrefore 
(wheiher  he  is  a  thief,  a  murderer,  or  a  parricide)  ou^ht  xot  to 
Li  funijh.dy  but  inj^ru.7t:J  ard  rcnlor.^d  with.  Ab  no  crimir.al 
c*Jght  to  be  puniihed,  all  laws  or  JCg-datiors  muil  be  perfwdiy 
r.ug.itory  in  focitiy,  and  even  pernicious  ;  marriage  is  law,  and 
therefore  it  is  pernicious,  and  ought  to  be  abornlicd.—- It  is  happy 
for  the  caufe  of  truth,  when  fuch  books  are  publiibcd  ;  for  if  tae 
farc'iAic  genius  of  a  Swift  could  have  more  efredually  burlef«j\.cd 
the  dow^rioe  of  ncccffity,  1  am  no  judge  of  innj. 

On 
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On  the  whole,  it  is  the  part  of  true  philofophy  to 
avoid  equally  the  dangerous  extremes  of  an  arrogant 
dogniatifm,  which  profcfles,  like  the^  ignorant  oppo- 
nents of  Socrates,  to  know  every  thing,  and  of  that 
perplexing  flcepticifm  which  would  deprive  the  human 
underftanding  of  capacity  and  intelligence.  As  finite 
beings,  many  fadts  are  neceflarily  placed  beyond  the 
reach  of  our  refearchcs.  1  hey  arc  neither  fuited  to 
our  faculties,  nor  our  fituation  in  this  life;  and  where 
we  have  no  bafis  of  fad  on  which  to  realbn,  error  will 
generally  be  the  confcquence  of  our  indulging  in  vifi- 
onary  fpeculations. 

To  confole  us  fur  this  deficiency,  v/e  may  flill  re- 
mark, with  fatisfaftion  and  gratitude,  that  if  much  is 
cocccalf  d,  much  alfo  is  known.  There  is  an  immenfc 
fund  of  piaftical  knowledge  perfcftly  within  the  grafp 
of  our  faculties.  There  is  fcarccly  any  human  fcience, 
which,  to  know  it  well,  is  not  fufficient  to  employ  the 
mod  protraftecl  exigence  of  man.  It  will  be  more 
confident  with  happinefs,  as  well  as  with  modefty,  to 
acquaint  ourfelves  with  thcfe,  before  we  launch  into  the 
unfathomable  abyfs  of  metaphyfical  fpecirfation ;  nor. 
indeed  can  any  thing  be  more  difgufiing,  than  to  hear 
a  loquacious  difjuitant,  who  is  unacquainted  with  the 
plaineft  and  moll  ufeful  branches  of  knowledge,  prc- 
fuming  to  arraign  the  appointments  of  omnifcience,  to 
"re-judge  hisjuftice;"  to  annihilate  the  intelleftual, 
and  to  ccnrufc  and  difturb  the  moral  world.  Much 
greater  is  his  merit,  much  founder  is  his  judgment, 
who  fabricates  the  fimpleft  machine,  or  plans  or  exe- 
cutes the  piaineft  undertaking  that  may  be  practically 
ufeful  to  mankind. 

Yet  we  may  innocently  amufe  our  curiofity ;  we 

may  innocently  gratify  our  third  of  knowledge  5  v/e  may 

innocently  exercife  our  faculties.     But  let  us,  in  the 

9  name 
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Harmattan,  L  462. 
Hartfliom,  IL  8. 
Hatred,  IIL  461. 
Head,  IIL  97. 
Hearing,  III.  375, 
Heart,  IIL  237. 
Heat,  I.  86.  148. 

fcaleof,  I.  15 1. 
Hepatic  gas,  I.  402. 
Hoar  froft,  IL  489. 
Horns,  IIL  205. 
Hurricanes,  I.  459.  ^ 
Hyacinth,  IL  88. 
Hydraulics,  JL  427. 
Hydrogen  gaf,  I.  391. 
■■  phofphorated,  ILiSJ* 

Hydrometer,  IL  421. 
Hydrophanous  ftone,  II.  91* 
Hydroftatics,  II.  401. 
Hygrometer,  I«  412. 

M  m  2  I*  J«ckf 


I  If  I> 


!• 


Jack,  I.  76. 

James's  Powders.  IJ«  149. 

jafpcr,  II.  93. 

Ice,  II.  396. 

Ideas,  iimple  and  complex,  IJI. 

4»$- 
Jelly,  HI.  79. 

Ignis  lataus,  I,  49^ 

IgniiioD,  I.  140. 

Inflammable  air,  L  191. 

■  Alb  (lances,  11.  245. 
Infle^lion  of  light,  I.  293. 
Ink,  II.  169. 

fympathetit,  II.  136. 

Inteflines,  III.  211. 
Invention,  III.  442. 
Iris,  L  277. 
Iron,  II.  159. 
Judgment,  III.  445. 

I- 

Lamp,  Arg.ind's,  I.  143. 
Lamp  black,  IT.  261. 
Larynx,  III.  229. 
Latent  heat,  I.  116. 
Lava,  II.  104. 
Lavoifier,  I.  368.  369. 
Lead,  II.  181. 

■  black,  II.  262. 
Lens,  I.  157.  210. 
Lenfes,  I.  210.  236. 
Lever,  I.  56. 
Leyden  phial,  I.  329. 
Liberty,  III.  508. 
Light,  I.  172.  185. 
jjLightning,  I.  345, 
J^ime,  11^  4^.5^ 

Jjivstt,  phenomLcnon  b  flaking, 
J.  loj. 


B    X. 

Liverflone,  IL  7a. 
Love,  III.  461.  478* 
Lunar  caoftic,  II.  tzo. 
Lungs,  IIL  235.  330. 
Lymphatics,  IIL  269. 

Magic  lanthorA,  L  258* 
Magnefia,  II.  49.  64. 
Magnefian  earths,  IL  64* 
Magnecifin,  L  35- 
Magnets,  artificial,  I.  45, 
Manganefe,  II.  128* 
Manna,  III.  47 . 
Manures,  IIL  32. 
Mariners  compafs,  1. 40, 
Marie,  II.  54. 
Marrow,  III.  94. 
Matter,  L  i. 
Mechanics,  I.  55. 
Memory,  IIJ.  436. 
Meaachanite,  II.  157, 
Mercury,  IL  204. 
Mefentery,  III.  207. 
Metals,  II.  IC9. 
Meteors,  1. 484.  —II.  25 5, 
Mica,  II.  65. 
Microfcopes,  1.  253. 
Mind,  human,  III.  416. 
Mineral  tallow,  II.  281. 
— — —  waters,  II.  509. 
Mirrors,  I.  190. 
— —  concave,  I,  194. 
■   ■         conical,  I.  198. 
convex,  I.  193. 
-^— —  cylindrical,  I.  197. 

plane,  I.  191. 

Moiilure,  1. 410, 
Molybdena,  II.  12^ 
Monfoons,  I.  453. 
Montgolfier  balloon,  !•  510. 

Moonftone' 


I    N 

Moonftone,  II.  92* 
Monls,  III.  491. 
Motion,  I.  31. 
Moaritains,  II.  313. 
Muriatic  falts,  II.  33. 
Muicles,  Id.  139. 
Mufcovy  ghSs,  II.  66. 
Mufeolar  motion,  IIL  346. 
Muiic»  IIL  487. 

N. 

N^phta,  II.  174. 
Needle,  magnedCy  1. 42. 
Nerves>  IIL  279. 
Newton,  Sir  Kaac,  I.  164. 
Nickel,  II.  131. 
Nitre,  II.  26. 
■  cubic,  II.  3a 

Nitrous  ammoniac,  II*  3 1. 

• — —  g«*  I-  397' 

Ocean,  11.473- 
Oils,  eflential.  III.  49* 
—  fat.  III.  47. 
Omentum,  IIL  207. 
Onyx,  II.  92* 
Opacity,  I.  156. 
Opal,  11.87. 
Opinion,  III.  506.  * 
Optics,  I.  .185. 
Optical  definitions,  I.  155. 
Orang  Outang,  IIL  91. 
Ores  of  metals,  11. 114. 
^—  aflaying,  &c.  11.  1 16. 
Oxyds,  vegetable.  III.  37. 
Oxygen  gas,  I.  371, 

P. 
Pain,  ni.  453. 
Painting,  III.  48^, 
Parhelia,  I.  288. 


Pafchal,  I.  4i9» 
PajioDs,  ill.  47  !• 
Perception,  III.  4ai« 
Peritooeam,  IIL  206. 
Petri&ftions,  II.  58, 
Petroleum,  11.274. 
Pewter,  II.  179. 
Phofphorated  bx<lrogci|  gai^ 

IL  255- 
Phofpborns,  I.  i83i'-*-IL  24s. 
Phyfiognomy,  IIL  147. 
Plane,  inclined,  I.  77. 
PHints,  IIL  8. 
■    ■■       nouriflunent,  &C  IIL 

16.  31. 
Platina,  IL  238* 
Plating,  art  off  IL  zz$* 
Pleafure,  III.  453. 
Plumbago,  IL  262. 
Poetry,  IIL  488. 
Poles  of  the  raagne^  L  39^ 
Porcelain,  II.  8|. 
Pottery,  IL79« 
PuKsy,  L  6o. 
Pulfes  of  the  air,  I.  445. 
Pumice  ftone,  IL  io6. 
Pump,  common,  IL  450W 

forcing,  IL  449. 455, 

raifing,  II.  447. 

Pupil  of  the  eye.  III.  397, 
Putrefadion,  f  II.  70. 
Pyrometer,  !•  153* 
Pyrophoriis,  I.  147. 

Quartz,  IL  89, 

S. 

Rain,  II.  484. 
Rainbow,  I.  277. 
Rraomur,  L  tii. 


/       r 


t    ff    D    B    Z. 


KetfiniBg,  in.  481* 

Keieffion  of  light  I*  l?5- 190* 
Rcfti6tioD  o^li^t  L  ^157. 100. 

JMplUaQlly  A*  JOb 

KdEba,  IIL  vrt. 
Kdlinntiont  in.  3191 
KfiUeobj^m.464.  , 
Rivtrt;  II.  49^.  * 
Rqdf,  coodnftingi  I,  35 1. 
Kdioti  of  pints.  III.  & 
Kabf,  n*  88. 
Rumfoit^,  coant»  L  los* 
Rnpcrt's  drops,  II.  9^. 

S. 

Sal  ammonite*  n.  41. 
Sal^  commbi^  IL  34. 
Salt^U.s. 

mnriatict  IL  33. 

aeutralt  IL'ao. 
-ttitrooty  IL  s6. 

vitriolic,  IL:t2«* 
Sapphire,  IL  88. 
Satoration,  I.  21. 
Screw,  L  8o. 
Sea,  II.  473. 
Secretkm,  III.  306. 
Senfe,  common*  HI.  483, 
Settfes*  III.  363. 
Sight,  I.  241. «— III.  384. 
Siliceous  earths,  II.  85. 
Silver,  II.  215. 
Siphon,  II.  416. 
Skin*  III.  201. 
Slate,  II.  84. 
Slickenfides,  II.  183. 
Smelling,  III.  373. 
Snow,  II.  486. 
Soap^  II.  6. 
Soap  rock,  II.  65. 
Solidity,  I.  lo. 
Solution,  I.^Ob 
Sound,  L44a 


Spaf,  DerlqliBiir^  IL  5? • 
Spar,  poaderODSb  U**4S^ 
Sptrrjracid^  IL  6z» 

tartar,  U.  44. 
Speaking  tranq)^^  L  449. 
SpcAacles,  I.  248. 
Springs  of  water,  IL  491. 
■    .  i»     ht,  n.  594. 
■■  tntenilittiii^  U*  494. 

Starch,  III.  56. 
Staiis  fiiffii^>  L  493* 
Steam  tf  bcrifiog  water,  L  1261. 
engine,  L 1 26.— IL  385. 
SteeLIL  164. 
Stomach,  ItL  209, 
Sutton,  I.  430. 
Sugar,  III.  4J. 
Sulphur,  II.  S5& 
Sun,  I.  x8i. 
Swbe  done,  IL  62. 
Sylvanite.II.f56. 
Sympathy,  [II.  475. 
Syphon,  IL  416. 

T. 

Tallow,  mineral,  II.  281. 
Tafte,  IIL  371.  466. 
Teeth,  IIL  107. 
Telcfcopes,  I.  160,  166,  167. 
Temperatore,  L  88» 
Tendons,  III.  92. 
Terras,  II.  108. 
Thermometers,  I.  88.  i  la 
Tin,  II.  175. 
Tiunite,  II.  158. 
TopaT^  II.  88; 
Torricelli,  L  418. 
Touch,  IIL  369. 
Touchftone  (the)  11.  231. 
Tourmalin,  II.  8^. 
Tungftein,  U.  6i.  126. 

V. 

Vacuum,  L  417. 

Vnponr, 


•   ■•  ' 


^  « 


I    N    D    £    X* 


.^  .^^ 


Vapour,  I.  123.  133. 
Vapours,  veTicular,  &c.  II.  482. 
Vegetables,  III.  i. 
Veins,  IIJ.  240.  255. 
Velocity  of  light,  1.  178, 
Vennilion,  II.  212. 
Vifion,  I.  159.  241. 
Vitriolic  (alts,  II.  22. 
Voice  of  man.  III.  23b. 
Volcanic  produas,  II.  104. 
Volcanoes,  II.  319. 

U. 

Uranite,  II.  157. 

W. 

Water,  II.  379. 

Waters, mineraiylL  509,'  'J 

Water-^iRs,  L  356. 


Waves,  motion  of,  II.  466. 
Wax,  vegeubfe,  III.  48^ 
Weather;  I.  497, ' 
Wedge,  1.79. 
Wedgewood,  Mr.  I.  115. 
Wells,  digging,  II.  491. 
Wheel  and  axle^  I*  74*  , 
Wheels,  I.  e%. 

water,  11.  46!. 
Whifpering  galbry,  I.  449. 
WindMs,  L74. 
Windpipe,  III.  231. 
Winds,  I.  464. 
Wit,  III.  489. 
Wood,  ni.  4. 
WonU,  III.. 448. 

,       '  Z. 

Zinc;  II:  i^o. 


.) 


I        ^ 


FINIS. 


DItiECtiOSt  PbR  PLACIKG  THE  PLATES. 


V<J.  I.  PL  1.  (e  &ca  pa^e    So. 
i.   ,    -    -    -    6». 

3 J4- 

4.  ...    -    8,. 

5.  ....  150. 
<■----■«■ 
7.  .  .  -  .198. 
......  34A. 

9,    .    -    -    .  iofi. 

10.  ...    .  «ro. 

11.  .....   320. 

!»....-  3ia. 

IJ.    .    .    .    -  114. 

14.    ...    .  tjo. 

•S "S". 

16.  ....  .3.. 

17.  ...  .  ijS. 

1« »J8. 

■9 »4=- 

30.    ...    .  J44. 

" »!■■ 

az.    -    -     .    .  258. 

23,  ...     .  268. 

24.  -     -     .     -  282. 

36.     ...     -  316. 

'7-    ■    ■    ■    -  317. 

28.  ...    .  318. 

29.  ...  -  373. 
JO 44'. 


Vol  U.  PL  I.  tofKCpsge 
2.  -  -  -  - 
J.  -  -  -  - 
4.    -     .    -     - 

I: : 

7-    - 


■  3t«- 
-39«- 

-  411. 

-  4Z0. 
.4,8. 

-  460. 


Vi>LUI.«Li.  ti>&ap2ge      1. 

3 136. 

4.    ....  ,84. 

S 186. 

6.    -    .    .     -  190. 

2 '9'- 

' ■»♦■ 

9 »98. 

•  o 224. 

" "S- 

" 2>4- 

13 2$1, 

.        14.      .       -      .-       .    3C0. 

•5 394- 

16.     -     -     -     .  391. 


